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INTRODUCTION. 


At  the  time  this  work  was  first  contemplated,  the  intention  was  to 
make  a  translation  of  Otto  Becker^s  Pathologie  und  Therapie  des  Linsen- 
sytems"  Oraefe-Saemisch  Handhuch,  Vol.  V.  1877,  but  as  the  work  pro- 
gressed it  became  evident  ithtd  many  of  the  ideas  therein  expressed  were  not 
in  accord  with  the  teachings  of  modern  pathology.  The  introduction  of 
more  delicate  and  accurate  methods  for  pursuing  microscopical  investiga- 
tions, the  use  of  the  refracting  opthalmoscope,  the  introduction  of  cocaine, 
the  application  of  antisepsis,  later  of  asepsis  to  eye  surgery,  have  all  added 
their  share  to  the  elucidation  of  this  subject.  No  one  who  has  carefully 
read  Becker's  great  classic  on  the  Crystalline  Lens  could  possibly  fail  to  be 
impressed  with  the  keenness  of  his  observation  and  the  clearness  and  sim- 
plicity of  his  style.  His  historical  references  are  so  accurate,  and  his  clin- 
ical pictures  so  vivid  and  concise,  that  up  to  the  present  time  they  have  not 
been  excelled.  In  1883  he  supplemented  this  work  by  another  classic, 
*^Zur  Anatomie  der  Gesunden  und  Kranken  Linse}  the  results  of  further 
histological  and  pathological  investigation.  These  two  great  classics,  which 
to  the  great  majority  of  the  English-speaking  opthalraologists  are  as  a 
sealed  book,  together  with  a  most  careful  and  critical  review  of  all  that  has 
been  published  on  this  and  kindred  subjects  since  that  time,  form  the  basis 
of  this  work. 


1  Unter  mitwirkung  von  Dr.  J.  R.  DaOama  Pinto  und  Dr.  H.  Schaf er.    Weis- 
baden,  1883. 


GENERAL  CONSIDERATION. 


In  taking  up  the  study  of  the  Crystalline  Lens  System,  one  can  nor 
properly  consider  the  Crystalline  l.ens  without  at  the  same  time  studying  its 
suspensory  ligament,  llie  Zonula  of  Zinn  (Ligamentum  Suspensorium 
Lentis).  By  means  of  this  ligament  the  lens  is  suspended,  supported 
and  retained  in  its  proper  relation  to  the  remaining  structures  of 
the  eye.  The  great  importance  of  this  system  of  fibrillae  can  only  be 
fully  realized  after  a  careful  study  of  its  congenital  malformations,  its  con- 
dition both  in  health  and  disease,  and  it*i  physiological  relation  to  the  lens. 

The  Zonula  of  Zinn  is  the  anatomical  medium  by  means  of  which  the 
ciliary  muscle  and  the  lens,  which  are  not  in  direct  contact,  are  brought 
together.  Without  a  perfect  and  regular  development  of  this  structure, 
perfect  power  of  accommodation  can  not  exist.  The  proper  centering  of 
the  lens  in  its  relation  to  the  cornea,  likewise  in  how  far  the  axis  of  the  lens 
and  the  cornea  coincide,  will  be  dependent  on  the  above  fact.  The  visual 
axis  is  greatly  influenced  by  the  position  of  the  lens  in  the  eye. 

The  lens  system  is  an  integral  portion  of  the  so-called  refracting  media 
of  the  eye,  and  since  the  index  of  refraction  of  the  aqueous  humour  in  front 
of  it,  and  the  vitreous  humour  behind  it,  are  both  nearly  equal  to  that  of 
distilled  water,  and  less  than  that  of  the  lens;  hence  even  in  a  physical 
sense,  the  Crystalline  Lens  is  a  lens.^  It  differs  from  the  ordinary  lens  in- 
dependent of  any  asymmetiT  of  its  surface  in  that,  in  the  first  place,  it  is 
not  a  homogeneous  body,  but  consists  of  concentric  lamellae  which  are  most 
closely  packed  near  the  center,  and  in  the  second  place  has  the  ability  of 
changing  its  form  under  influence  of  the  ciliary  body.  As  a  result  of  con- 
traction of  this  muscle,  the  lens  becomes  thicker,  the  radii  of  both  its  sur- 
faces, and  in  all  probability  the  equatorial  diameter  also  becomes  less. 
During  this  change  the  posterior  pole  keeps  its  position,  whereas  the  an- 
terior pole,  as  can  be  proven,  nears  the  cornea.  The  power  of  accommoda- 
tion is  dependent  on  this  ability  of  the  lens  to  change  its  form. 

Our  more  advanced  methods  of  making  a  functional  examination  en- 
able us  to  demonstrate  changes  of  a  histological  nature,  the  senile  included, 
even  before  they  can  be  recognized  by  the  microscope.  This  is  fully  con- 
sidered in  works  on  Accommodation  and  Kefraction.     In  the  interest  of 


iHelmholtz'8  Physiologrical  Optio,  p.  63. 
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undisturbed  function  of  the  lens  system,  considering  only  the  physical  side 
of  the  subject^  it  is  necessary  that  the  index  of  refraction,  and  the  elasticity 
of  each  individual  fibre  should  remain  unchanged,  for  as  is  demonstrated 
by  even  the  slightest  senile  or  other  pathological  change,  they  become  mat- 
ters of  the  very  greatest  importance,  not  equaled  by  like  changes  in  any 
other  tissue  of  the  body.  As  regards  their  transparency,  the  elements  of 
the  lens,  likewise  those  of  the  cornea,  have  following  every  pathological 
change  a  cloudiness,  hence  functional  disturbances. 

In  order  that  the  lens  may  perform  its  functions  normally,  it  is  nec- 
essary that  it  should  be  transparent,  that  its  separate  parts  should  be  mov- 
able one  upon  the  other;  that  each  lamella  should  have  a  different  index  of 
refraction  regularly  increasing  toward  the  center  of  the  lens;  that  the  sur- 
face of  the  lens  should  have  an  almost  spherical  curvature,  and  be  almost 
centered  in  the  corneal  axis,  and  that  the  lens  in  its  entirety  be  freely  mov- 
able, and  be  in  no  pathological  manner  adherent  to  neighboring  structures, 
more  particularly  the  iris. 

The  lens  is  an  epithelial  stnicture.  It  consists  of  the  ordinary  epith- 
elial cells,  and  so-called  lens  fibres,  which  are  simply  epithelial  cells  which 
have  taken  on  an  extraordinary  development  and  become  elongated,  f^x- 
temally  the  lens  is  covered  by  a  structureleir^  membrane,  the  lens  cai)sule, 
which  encloses  it  completely. 

Notwithstanding  its  apparently  simply  construction,  the  study  of  its 
more  minute  structure,  and  the  various  processes  which  take  place  in  the 
lens,  has  been  connected  witii  the  very  greatest  difficulties.  This  was  de- 
pendent not  only  on  the  proper  recognition  of  the  nature,  and  the  function 
of  the  individual  elements  of  the  lens,  but  here  more  thaii  in  any  other 
structure  of  the  body  was  the  difficulty  encountered,  of  understanding  the 
noianner  in  wliich  the  individual  lens  fibres  are  laid  down  and  connected 
with  neighboring  fibres.  Only  after  the  enibryolog}-  of  the  lens  had  been 
studied,  was  a  definite  and  clear  idea  of  its  architecture  and  histological 
structure  understood.  The  proper  understanding  of  the  wonderful  reg- 
ularity in  the  arrangement,  and  the  peculiai*  manner  in  which  the  fibres 
are  adherent  to  each  other,  has  only  been  attained  by  a  study  of  the  devel- 
opment and  growth  of  the  foetal  lens.  The  importance  of  this  knowledge 
will  become  apparent  at  once,  wlien  it  is  knowji  that  a  departure  from  this 
regular  development,  even  the  slightest  interference  with  this  absolute  con- 
nection between  the  individual  fibres,  is  followed  by  an  interference  with 
the  function  of  the  lens  as  a  transparent.  l)ody  which  refracts  the  light  in 
an  absolutely  regular  manner. 

Every  departure  from  the  normal  is  to  be  sought  in  an  interference 
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with  the  normal  development  of  the  lens,  or  in  an  anomalous  growth,  as  the 
result  of  an  ahnormal  nutrition,  or  conditions  which  persist  in  consequence 
of  an  interrupted  physiological  progression.  Hence  the  study  of  the  de- 
velopment, progression  and  growth  of  the  human  lens  are  not  only  of 
scientific  interest,  hut  are  of  the  very  greatest  practical  importance. 

The  study  of  the  embryology  will  elucidate  many  of  the  seemingly 
difficult  to  understand  malformations  and  anomalies  of  position  and  at- 
tachment, and  aid  us  in  fixing  the  most  probable  time  of  the  development 
of  certain  congenital  pathological  conditions. 

The  lens  being  fully  developed,  we  shall  follow  it  through  its  period  of 
physiological  growth  and  retrogression,  note  the  changes  which  the  individ- 
ual fibres,  as  well  as  the  lens,  as  a  whole,  undergoes.  Further,  the  mode  of 
entrance  and  exit  of  the  nutritive  fluids  into  the  lens.  Lastly,  consider  the 
chemistry  of  the  lens  and  its  surrounding  fluids.  It  has  been  hoped,  and 
not  without  good  cause,  that  the  investigation  of  the  mode  of  nutrition  and 
chemistry  of  the  lens,  and  the  chemistry  of  its  surrounding  fluids,  would 
throw  some  light  on  the  aetiology  of  cataract — more  especially  the  con- 
stitutional forms  such  as  occur  in  Bright's  Disease  and  Diabetes. 

The  pathological  processes  which  play  a  part  in  the  pathology  of  the 
lens  are,  on  the  one  hand,  those  of  proliferation  and  degeneration  of  its 
intracapsular  cells;  on  the  other,  sclerosis,  separation  and  softening  of  the 
fibres  of  the  lenSy  together  with  all  the  secondary  changes  which  follow 
these  conditions.  The  lens  may  secondarily  be  affected  either  as  a  result 
of  disease  of  other  structures  in  the  eye,  or  as  the  result  of  inequalities  in 
the  development  of  the  Zonula  of  Zinn,  or  as  the  result  of , pathological 
conditions  of  the  same. 

As  a  result  of  these  pathological  changes  the  full  functions  of  the  lens 
are  modified  in  the  following  manner: 

1.  The  single  lamellae  gradually  become  changed  into  a  homogene- 
ous mass  (Senile  Sclerosis),  The  refracting  power  of  the  lens  is  reduced  and 
the  far  point  is  removed  from  the  eye,  Acquired  llypermetropia  (H.  Acquis 
sita), 

2.  The  moveableness  of  the  sepai*ate  elements  and  lamellae  against 
each  other  is  gradually  diminished  and  finally  abolished,  at  the  same  time 

•the  ability  of  the  lens,  as  a  whole,  to  change  its  shape,  becomes  gradually 
reduced  and  finally  abolished  (Senile  Sclerosis),  The  near  point  gradually 
becomes  removed  from  the  eye,  and,  as  a  consequence,  the  amplitude  of 
accommodation  more  restricted,  until  finally  there  is  an  entire  loss  of  ac- 
commodation (Presbifopia), 

3.  Though  its  form  remains  uuchanged,  the  lens  suffers  in  its  trans- 
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parency.  As  a  result,  there  is  a  general  diniinution  in  the  ability  to  see 
accurately,  until  finally  only  a  quantitative  difference  can  be  distinguished 
on  throwing  light  into  the  eye.  This  condition  is  recognized  as  cataract, 
and  is  the  most  generally  recognized  pathological  condition  of  the  lens. 

The  various  diseases  and  pathological  conditions  of  the  crystalline  lens 
system,  the  causation  and  clinical  description  of  the  same,  the  malformations 
associated  with  anomalies  of  the  hyaloid  artery  or  the  va.^cnlar  capsvie  of  the 
lenSy  those  due  to  unsymmstrical  development  of  the  Zonula  fittres  {Ectopia 
Lentis)\  likewise  the  acquired  anomalies  of  posilion  not  due  to  malforma- 
tions:  {Luxatio  Lentis)  also  the  independent  malformations  of  tlie  kns  will 
be  successively  taken  u[),  all  of  which,  as  will  be  seen,  excepting  the  congen- 
ital, and  the  traumatic,  are  the  result  of  nutritive  disturbances.  An  altered 
chemical  constitution  of  the  nutritive  supply  is  ihe  initial  slep  toward  the 
formation,  of  cataract. 

The  formation  of  a  nucleus  is  a  perfectly  physiological  process,  and  no 
sharp  line  of  demarcation,  either  histological  or  in  point  of  development:, 
exixst  between  the  nucleus  (Nucleus  Lentis)  and  the  cortex  of  the  lens  {Sub- 
stantia Corticalis),  An  interference  with  the  regular  sclerosis  of  the  nu- 
cleus has  been  said  to  be  the  initial  cause  of  the  development  of  senile  cat- 
aract. The  chemically  altered  fluid  which  fills  the  interspaces  between  lamellae 
gives  rise  to  an  abnormal  interchange  between  this  chemically  altered  fluid  and 
contents  of  the  lens  fibres.  This  in  its  turn  leads  to  an  altered  condition  of 
the  corteXy  the  expression  of  which  is  an  altered  refractive  condition  and  loss 
of  transparency  which  we  designate  as  cataract. 

These  changes  once  having  set  in,  it  is  apparent  how  useless  all  at- 
tempts at  restitution  by  tlierapeutic  measures  must  be. 

The  various  methods  of  removing  the  interference  with  sight  (cataract) 
will  be  successively  discussed.  It  would  be  useless  to  consider  in  detail  ali 
the  minute  changes  which  the  various  operators  have  introduced;  only  such 
will  be  considered  as  have  a  general  bearing  on  the  subject,  and  which  il- 
lustrate the  fundamental  principles  on  which  the  various  methods  are  based. 

In  no  department  of  surgery  does  the  personal  ecjuation  of  the  o})erator 
play  so  prominent  a  role  as  in  the  extraction  of  cataract.  The  eyeball  being' 
a  globe,  the  moment  it  is  incised  tlie  relative  position  of  its  various  struc- 
tures is  changed,  and  the  intraocular  pressure  is  altei^'d.  Further,  since  the 
successful  extraction  of  a  cataract  in  and  of  itself,  does  not  insure  a  suc- 
cessful restoration  of  sight,  the  study  of  all  those  j)rocesses  which  take  place 
during  the  period  of  healing,  and  subsequent  thereto,  likewise  are  of  tli'* 
very  greatest  importance.  Hence,  a  definite  imdcrstanding  of  all  these 
conditions  is  essential  to  the  proper  management  of  tlie  individual  case. 

Finally  the  subject  of  aphakia  will  be 'considered. 

y 


THE  NORMAL  LENS  SYSTEM. 


PART  I. 

CHAPTER  I. 
THE  DEVELOPMENT  OF  THE  LENS. 

"To-day  all  investigators  agree  that  the  first  disposition  to  the  forma- 
tion of  the  lens  consists  in  a  thickening  of  the  wtoderin.  This  original 
group  of  cells  undergoes  an  invagination;  later  on  these  cells  are  cut  off  and 
a  hollow  vesicle  is  formed.  KoUiker  acepts  this  mode  of  development  for 
the  cuttle  fish,  Remah  and  Harkau  for  the  frog,  Htischke,  Eemdk\  Henle 
and  His  for  the  chick,  and  Kessler  and  KoUiker  for  mammals." 

'*His^  accepts  this  involution  of  an  open  vesicle  in  the  formation  of 
the  lens  in  the  human  embryo,  and  so  illustrates  it.  Kessler  agrees  with 
him,  having  had  the  opportunity  of  examining  a  human  embryo  expelled 
three  weeks  after  the  last  menstruation,  and  with  a  loup  he  observed  in 
this  the  funnel  shaped  involution.  Bambeke^  states  that  in  an  embryo  in 
the  fourth  week,  which  he  examined,  he  found  the  lens  still  connected  with 
the  ciiticular  epiblast,  by  a  short,  thick,  pedicle'  which  showed  a  funnel 
shaped  opening.  Kitter^  declares  that  in  a  five  weeks  embryo  which  he 
examined,  the  pedicle  had  no  lumen,  and  the  lens  seemed  to  contain  a 
small  hollow  space."  The  firnt  period  of  developmenl  of  the  Uns  is  com- 
pieted  wifh  the  closure  of  this  vesicle. 

The  time  when  this  occurs  has  been  but  partially  determined.  Accord- 
ing to  KoUiker,^  in  the  chick  the  lens  vesicle  is  cut  off  by  the  third  day, 
and  this  is  in  accordance  with  an  illustration  by  Kessler  of  a  hatching  egg 
of  three  days  and  seven  hours.     KoUiker  (j).  (J.'U)  observed  in  a  rabbit  a 

1  Auatomie  iiien»chllclier  Embrjoneiii,  LelpsI^  Bd.  I  n.it  Atlas.  1880.   Bd.  II, 
1882,  page  49.  Bk.  I. 

2  Contribution  a  la  liistorie  du  developpemeut  de  Toell  humain.   Gand,  1879. 

3  Zwelter  Beitrag  zur  HIstogenese  des  Auges.  p.  145. 

4  Entwlelvelungsgescliiclite  des  Mensolien  und  holieren  thiore  Lelpsig,  1879, 
p.  632. 


thickening  of  the  ciiticiilar  plate  on  the  tenth  da}^  and  by  the  twelfth  daj 
the  vesicle  had  already  been  cut  off.  Ills  fixes  the  age  of  a  human  embryo 
22  mm.  in  length,  and  in  which  the  optic  vesicle  was  not  even  recognizable 
at  from  twelve  to  fourteen  days,  the  age  of  one  7-7.5  mm.  in  length  at  four 
weeks.  He  illustrates  one  4  mm.  in  length  in  which  there  is  a  thickening 
of  the  Epiblast,  even  before  the  primary  optic  vesicle  could  be  discerned. 
Surely  from  the  above  we  could  not  be  far  from  wrong  in  attributing  to  an 
embryo  4  mm.  in  length  an  age  of  about  three  weeks.  This  would  bring 
the  completion  of  the  first  period  dbOnt  in  the  FOURTH  WEEK,  Bambeke 
and  Kessler^s  observations  quoted  above  agree  with  this,  likewise  with  those 
of  KoHiker.  (P.  637).  But,  as  Becker  states,  it  is  well  to  bear  in  mind  the 
fact  that  the  processes  of  development  may  go  on  more  quickly  in  one  indi- 
vidual than  in  another,  hence  exact  statements  as  to  the  age  of  Human 
Embryoes  can  not  be  determined  according  to  certain  fixed  laws. 

During  this  period  of  development,  the  eye  is  devoid  of  the  so-called 
"form-giving  coverings,'-  especially  the  cornea  and  sclera.*^ 

THE  SECOND  PEKIOD  OF  DEVELOPMP:XT  OF  THE  LEXS. 
In  its  further  development,  the  cells  at  the  proximal  wall  grow  in  a 
distal  direction,  im»an  is  a  saggital  direction,  pushing  in  between  each 
other,  so  that  on  meridional  sectioji  they  appear  to  be  arranged  in  rows. 
The  cells  in  the  centre  grow  more  rapidly,  hence  are  larger  than  those  at 
the  sides.  Since  the  nuclei  of  all  the  fibre  cells  are  found  in  the  anterior 
fifth,  they  will  form  a  convex  zone  which  is  almost  parallel  to  the  anterior 
wall  of  the  Lens.  Meanwhile,  the  cells  at  the  anterior  wall  arrange  them- 
selves in  a  single  layer,  but  show  no  signs  of  growing  lengthwise.  These 
distal  cells  assume  the  appearance  of  Epithelial  cells. 

Kessler  gives  the  following  description  for  the  chick: — 
"Even  before  the  lens  is  cut  off,  signs  of  growth  begin  to  manifest  them- 
selves, more  especially  in  the  median  (proximal)  portion  of  the  lens  germ,  cor- 
responding to  the  region  of  the  subsequent  capsule.  Simultaneously,  with  a  gen- 
eral increase  in  the  enlargement  of  the  organ,  tlie  cells  arrange  themselves 
closely  together,  and  each  individual  cell  increases  in  size  and  volume.  They 
assume  spindle  shapes,  and  their  sharp  i)olnts  force  their  way  In  between  the 
neighboring  lamellae.  Meanwhile,  the  cells  of  the  inner  lamellae  grow  more 
rapidly  backward,  those  at  the  sides  more  anteriorly,  while  those  nearer  the 
axis  of  the  organ  grow  more  rapidly  than  any  of  the  others.  Every  individual 
cell  reaches  the  posterior  limit  of  the  lens  (the  capsule  of  the  lens),  whereas 


5  See  Ritter,  p.  82,  p.  147. 
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anteriorly,  to  the  distal  cell  wall,  and  thus  the  hollow  space  disappears  up  to  a 
Just  appreciable  space,  which  on  cross  section  can  be  recognized  only  by  Its  sharp 
contour." 

**This  gradual  transition  of  distal  into  epithelial  cells,  and  of  the 
proximal  into  fibre  cells,  primarily  occurs  iK)sterior  to  the  Equator  of  the 
lens,  but  this  process  gradually  extends  more  anteriorly  until  the  Equator 
is  reached.  This  takes  place  in  various  animals  in  a  two-fold  manner. 
Either  the  cells  of  the  anterior  wall  become  narrower  and  higher,  assuming 
more  the  character  of  cylinder  cells  slanting  somewhat  backward  and  curv- 
ing around  those  more  anteriorly  situated,  so  that  the  concavity  of  the  curve 
faces  forward,  and  thus  gradually  merging  in  the  direction  of  the  proximal 
fibres,  or  there  are  forced  in  between  the  distal  epithelium  and  the  proximal 
fibre  cells,  also  between  proximal  fibres  and  the  proxunal  wall,  a  circle  of 
fibre  like  cells,  of  at  first  increasing  and  finally  decreasing  lengths,  those 
posteriorly  gradually  merging  with  the  proximal  fibres,  in  a  manner  anala- 
gous  to  the  previous  method.  This  latter  method  is  true  of  birds  and  sev- 
eral reptiles,  the  former  of  the  remaining  vertebrates,  and  especially  does  it 
apply  to  man.  THIS  SECOND  PERIOD  IS  COMPLETE,D  when  both 
distal  and  proximal  cells  have  arranged  themselves  in  a  single  row,  and  the 
hollow  space  which  had  existed  at  the  beginning  of  this  period  has  been 
entirely  obliterated  by  the  growth  of  the  proximal  fibres." 

Undoubtedly  this  same  process  which  Kessler  has  described  for  the 
chick  also  occui-s  in  man,  and  all  the  illustrations  which  Aruold  has  given 
us  for  the  calf,  and  Kolliker  of  the  rabbit,  are  of  exactly  the  same  character. 
"Owing  to  pathological  conditions  in  the  human  lens,  which  will  later  on 
demand  our  attention,  a  number  of  observations  which  Kessler  made  on  the  em- 
bryoes  of  the  Lacerta  and  the  sheep,  must  be  here  shortly  mentioned.  Whereas 
at  one  stage  in  tlie  development  of  the  lens  in  the  chick,  the  nuclei  of  the  prox- 
imal cells  are  arranged  anteriorly  in  a  regular  convex  zone,  in  the  Lacerta  they 
are  irregularly  arranged  along  the  entire  wall  of  the  lens.  The  cells  nearest  to 
the  equator,  those  most  peripherlcally  situated,  are  the  first  to  become  elon- 
gated, and  in  their  growth  make  a  semi-circular  sweep,  whereas  those  more 
centrally  located  in  iwrt  assume  a  spindle  form;  others  appear  irregularly  dis- 
tended, and  tumescent.  In  a  number  of  sections  of  the  lens  of  the  sheep,  Kess- 
ler did  not  observe,  as  in  other  sections  of  tlie  lens  of  the  same  stage  of  devel- 
opment, the  lens  fibres  growing  lengthwise  toward  the  distal  surface;  but  he 
found  a  portion  even  of  the  longest  fibres  making  very  sharp  curves  towards  the 
lower  surface,  and  even  here  they  seemed  elongated  and  extending  toward  the 
dorso-proximal  fibres.  Kessler  does  not  state  wliether  this  is  to  be  looked  upon 
as  the  first  indication  of  the  formation  of  seams.  This  observation  is  cited  to 
demonstrate  the  fact  that  liTegularities  in  the  development  of  the  lens  have  been 
observed  during  the  second  period  of  development." 


The  proximal  fibres  have  been  observed  to  elongate  in  the  embryo  of 
a  Triton  3.5  mm.  in  length  and  the  hollow  space  entirely  filled  np  in  on? 
4.5  mm.  in  length.  In  the  chick,  this  stage  is  completed  on  the  fourth  day. 
(Kessler).  This  hollow  space  was  found  still  present  in  the  embryo  of  a 
calf  3  cm.  in  length,  but  entirely  filled  out  in  one  4  cm.  long,  hence  the  time 
required  for  this  process  to  be  completed  is  equal  to  that  which  an  embrv'o 
requires  to  grow  from  1.5  cm.  to  4  cm.  (Arnold  Ewetzky).  In  the  rabbit 
this  process  begins  on  the  thirteenth  day  and  is  completed  on  the 
eighteenth  day,  possibly  a  little  sooner.  (Kolliker).  The  time  has  not  been 
exactly  determined  for  man,  but  undoubtedly  takes  place  during  the  second 
monfh  of  foetal  life. 

THE  THIRD  PEIHOJ)  OF  DEVELOPMENT  OF  THE  LENS 
is  principally  occupied  in  the  multiplication  of  the  cellular  elements,  lens 
cells  as  well  as  lens  fibres.  The  former  increase  by  direct  cell  division,  and 
are  distributed  over  the  entire  distal  wall;  the  latter  by  means  of  the  growtli 
of  the  epithelial  cells,  which  lie  along  the  P^quator  and  somewhat  behind  it, 
into  lens  fibres.  This  successive  transition  of  the  equatorial  epithelial 
cells  into  th^  outer  layers  of  nucleated  lens  fibres  can  be  demonstrated  in 
all  A^ertebrates,  «ttd  this  alone  is  suificient  proof  to  demonstrate  the  fact, 
that  these  new  lens  fibres  are  derived  from  the  Epithelial  cells  and  further 
that  in  the  growing  lens,  the  identity  of  epitlielial-like  and  fibre-like  cells 
is  to  be  maintained. 

At  the  close  of  the  second  period  of  development,  the  lens  has  attained 
the  form  from  which  it  takes  its  name,  as  the  result  of  the  growth  of  fibres 
in  an  axial  direction,  these  assume  a  slight  curvature  with  the  concavity 
toward  the  edge  of  the  lens,  in  contradistinction  to  those  which,  developing 
later  on,  do  so  meridionally.  From  now  on,  owing  to  the  development  of 
new  fibres,  at  the  .\equator,  these  enibr^'onal  fibres  are  gradually  pushed 
'away  from  the  line  of  contact  with  the  anterior  epithelium,  and  the  poste- 
rior wall  of  the  capsule,  (Henle),  even  at  this  time,  the  shortest:  hence 
the  youngest  fibres  continue  to  make  a  curve  with  the  concavity  outward. 
But  as  soon  as  they  have  made  their  way  into  the  capillary  space  between 
the  anterior  ends  of  the  distally  growing  embryonal  fibres,  and  the  distal 
epithelium,  and  posteriorly  between  the  posterior  ends  of  the  embryonal 
fibres,  and  the  posterior  capsule,  they  take  on  a  curvature  with  the  con- 
cavity toward  the  axis  of  the  lens.  The  more  this  condition  progresses, 
the  more  the  fibres  of  the  second  period  are  pushed  away  from  the  capsule 
and  the  epithelium,  and  finally  they  form  the  centre  of  the  comj)lete  organ, 
which  is  concentrically  surrounded  by  tJie  fibres  of  the  third  period. 
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THE  STRUXrrUKE  OF  THE  LENS  can  only  be  understood,  if  wo 
will  bear  in  mind  the  fact,  that  all  the  fibrOv<  take  their  origin  from  the 
whorl  located  along  the  aequator,  and  that  its  growth  is  not  a  limited  one. 
As  fax  as  is  known,  in  the  embrvonal  lens  of  no  mammal  does  a  full-grown 
fibre  encompass  one-half  of  the  circumference  of  the  lens.  In  most  animals 
this  is  less  than  one-half. 

The  simplest  structure  is  found  in  the  globular  lenses  of  some  fishes, 
amphibia  and  reptiles,  such  as  the  ''stock-fish,"  triton,  salamander,  frog 
and  lizard.  In  these  animals  the  fibres  of  each  lamella  go  from  pole  to  pole, 
each  fibre  encircles  one-half  of  the  lens,  each  two  form  a  complete  c»ircle. 
Their  arrangement  presupposes  that  the  fibres  are  broader  at  the  Aequator 
and  become  more  pointed  toward  the  pole,  so  as  to  form  a  point;  or,  speak- 
ing more  c^orrectly,  come  together  in  a  circle  of  irregular  limits.  This  has 
been  proven  by  H.  Muller^  to  be  the  case  in  the  l^certa,  and  has  been 
substantiated  by  Kessler,  Leukart,  Sernoff  and  Babuchin. 

Jn  a  large  proportion  of  fishes,  amphibia  and  a  few  animals  (delphin, 
rabbit,  squirrel)  the  lens  fibres  of  one  sheath  regularly  meet  each  other 
anteriorly  and  posteriorly  in  a  short  seam  (a  segment  of  a  circle)  and*  the 
directions  of  these  cut  each  other  at  right  angles.  If  at  the  anterior  pole, 
this  line  lies  horizontally,  at  the  posterior  it  lic^  vertically.  At  the  same 
time  it  l>ecomes  impot?sible  for  the  fibres  to  entirely  surround  one-lwilf  of 
the  lens.  For  instance,  if  a  fibre  begins  anteriorly  at  the  end  of  the  seam, 
it  will  end  as  it  proceeds  meridicmally  backward,  posteriorly  about  the 
middle  of  the  seam,  hence  in  the  axis  of  the  lens  at  the  posterior  pole.  lu 
doing  this,  the  fibres  describe  a  cune  anteriorly  and  one  ])osteriorly  in  order 
to  gain  a  point  of  attachment  to  the  seam.  Hence  every  fibre  desenbes  a 
double  curve.  The  fibres  of  eacli  layer,  however,  possess  about  the  same 
length.  In  several  fishes,  such  as  torpedo,  a  sort  of  intermediate  step  be- 
tween these  two  types  has  been  observed,  all  the  fibres  coming  together  at 
the  posterior  pole,  whereas  anteriorly  thc\v  tome  together  in  a  straight 
seam.  In  most  mammalia  the  fibres  of  each  sheath  meet  each  other  so  as 
to  form  a  regular  three-rayed  star  figure,  the  central  point  of  which  lies 
at  the  pole  and  the  rays  of  this  star,  corresponding  to  the  seams,  forming 
with  each  other  angles  of  120  degrees.  The  levels  of  these  rays  do  not  lie 
in  the  same  plane  anteriorly  and  posteriorly,  but  are  turned  from  each  other 
at  an  angle  of  fiO  degrees,  so  that  each  ray  of  the  anterior  sui-face  falls 
within  the  open  angle  of  the  posterior.    Even  in  this  form  of  arrangement. 


tf  Gesammolte  und  binterlassene  Sohrlf ten  herausgeg,  von  Otta  Becker.  1872. 
Bd.  I,  p.  74. 
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in  order  that  the  fibres  may  attacli  themselves  to  the  seam  or  ray,  they 
make  two  slight  curves  in  opposite  directions.  However,  all  the  fibres  in 
one  lamella  are  of  equal  length.  We  know  absolutely  nothing  as  to  the 
cause  of  these  various  types.  Woinow  ^  has  studied  the  manner  of  the 
manner  of  the  formation  of  this  seam  for  the  second  type,  and  the  third  type 
can  be  understood  from  Arnold's  illustrations.  Possibly,  the  above-quoted 
observations  of  Kes^9le^  concerning  the  lens  of  the  sheep  belongs  to  this 
category. 

If  after  the  close  of  the  second  period  of  develoi)ment  new  fibres  are  only 
developed  in  the  Aequatorial  region,  a  stage  comes  on,  in  which  these  fibres 
force  their  way  along  the  inner  surface  of  the  capsule  toward  the  axis, 
without,  however,  reaching  those  which  are  making  their  way  in  from  the 
opposite  side.  As  a  consequence,  the  fibres  of  the  second  period  are  de- 
tached from  the  capsule,  pressed  toward  the  centre  of  the  lens,  and  these 
growing  fibres  come  together  behind  them.  Hence  for  a  time,  on  merid- 
ional section,  one  will  find  a  triangular  space,  filled  with  tissue  fiuid;  this 
space,  as  a  result  of  the  continued  growth  of  young  fibres,  becomes  filled 
up  by  these,  and  in  ver}'  thin  sections  can  only  be  recognized  as  the  line  at 
which  the  fibres  meet  each  other.* 

•It  is  especially  interesting  to  note  that  KoUiker  was  able  to  show  this 
three-rayed  lens  star  present  in  a  five  months'  human  embryo.  The  pres- 
ence of  the  three-rayed  star,  on  the  anterior  and  posterior  surface  of  the 
lens,  simply  signifies  that  at  least  the  first  layers  of  lens  fibres  w^hich  have 
taken  their  origin  along  the  Aequatorial  region,  have  attained  their  full 
growth,  the  fibres  of  the  one  side  anteriorly  and  posteriorly,  touchmg  those 
coming  froni  the  opposite  direction. 

Hence  the  third  period  of  development  lasts  from  about  the  middle 
of  the  second  month  up  to  such  a  time,  which  for  man  has  not  yet  been  ex- 
actly determined,  but  which,  however,  at  the  very  latest  falls  within  the 
first  half  of  the  period  of  foetal  life. 

At  this  time  not  all,  but  only  those  which  form  the  first  layers  of  lens 
fibres,  have  attained  their  full  length.  The  fibres  extending  from  aequator 
to  seam,  both  on  the  anterior  and  posterior  surfaces  of  the  lens,  are  arranged 

7  Uber  die  enstehung  der  blpolaren  anordung  der  linsen-fasern.  Wiener 
Sltzungsberlehte,  1801).   Bd.  LX,  2  Abth.,  p.  151. 

a  These  observations  have  been  beautifully  Illustrated  by  Arnold.  (Beltrage 
zur  entwickelungsgesehichte  des  Auges.  Heidleberg,  3874.  Die  Kittsubstance  der 
Bndothelien.  Vlrchow  Arch.  Bd.  LXVI.  p.  77.)  His  figures  13  and  14  correspond 
exactly  with  figures  3  of  Woinow.  Figure  15  show^s  a  similar  proceedure  for  the 
anterior  half.    In  figures  18  and  19  the  three-rayed  star  is  already  present. 
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like  the  tiles  on  a  roof,  so  that  the  broad  ends  of  the  fibres  form  an  uninter- 
rupted mosaic  at  the  inner  surface  of  the  posterior  capsule  and  the  anterior 
epithelium. 

Only  those  fibres  vvhjch  are  some  distance  removed  from  the  surface 
reach  to  the  seam.  These  seams  or  rays  are  therefore  simply  the  optical  ex- 
pression of  imaginary  lines  along  which  the  ends  of  the  lens  fibres  touch 
each  other.  And  on  meridional  sections,  they  can  be  followed  almost  to 
the  centre  of  the  lens;  never,  however,  along  a  straight  line.  The  nearer 
we  get  to  the  centre,  the  smaller  is  the  encompassed  space.  As  a  necessary 
result  it  follows,  that  though  all  the  fibres  in  a  single  layer  are  of  equal 
length,  in  the  various  layers  from  without  inward,  their  length  regularly 
diminishes.  Each  fibre  is  developed  from  an  epithelial  cell  at  the  equa- 
torial region.  As  the  cell  elongates,  the  nucleus,  which  was  originally  near 
the  centre  of  the  cell,  gradually  moves  farther  and  farther  away  from  the 
capsular  end,  until,  finally,  as  the  posterior  end  of  the  fibre  grows  to  excess, 
the  nucleus  again  comes  to  lie  in  the  anterior  third  of  the  fibre.  Hence, 
on  meridional  section  the  nuclei  of  all  the  fibres,  in  their  various  stages  of 
growth,  present  a  very  beautiful  picture,  the  optical  expression  of  all  the 
nuclei  being  a  double  curve,  this  being  another  mode  of  demonstrating  the 
natural  curve  which  the  lens  fibres  describe.  In  the  beginning,  the  con- 
cavity of  the  curve  faces  'anteriorly,  and  finally  the  convexity  is  almost 
parallel  with  the  surface  of  the  lens.  Since  this  curve  is  not  an  absolutely 
regular  one,  Becker*  suggested  that  the  name  *'Kernbogen"  NUCLEAR 
CURVE,  would  be  better  than  that  adopted  by  H.  :Meyer,  KERN  ZONE, 
NUCLEAR  ZONE.^ 

Kolliker  was  the  first  to  recognize  this  gradual  transition  of  the  epi- 
thelial cells  into  lens  fibres,  and  Von  Becker  ^®  gave  to  the  picture  which 
these  cells  and  their  nuclei  present  on  meridional  section  the  name  which 
it  has  since  retained,  "Linsenwirbel" — Tjenstchori, 

THE  DEVErX)PMEXT  OF  THE  CAPSULE  OF  THE  LENS 
has  given  rise  to  endless  discussion,  and  the  importance  of  this  subject  will 
become  more  apparent  when  the  subject  of  capsular  ciatrices  and  capsular 
cataract  comes  under  consideration.     One    group    of    observers,    Remak, 


8  Uber  den  WIrbel  und  den  Kernbogen  in  der  Menschlichen  LInse.    Arch.  f. 
AugenheUkunde,  Bd.  XII.  1,  1883. 

9  Beltrag  zu  der  Streitfrage  uber  die  Entstehurig  der  Linsen  fasern.   Muller's 
Areh..  1851,  p.  202. 

10  Untersuchungen  uber  den  Ban  der  Llnse  bel  den  Menschen  un  den  Wlrbel- 
thieren.     Ach.  fur  Opth.  IX,  1873. 
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Bahvchin,  Senioff,  Lieberkulin  and  Arnold,  contend  that  the  capsule  is  of 
Mesodennic  origin,  the  same  from  which  the  vascular  covering  of  the  lens  is 
derived;  the  other  group,  more  especially  Kesskr,^^  Kolliker,  Fr,  KriebeV- 
and  Buhatel^^  look  upon  it  as  an  excretive  prodjiict  of  the  cells  of  the  lens 
vesicle,  hence  of  KCTODEHMIC  origin.  Sch^rmer}*  sls  the  result  of 
his  histological  and  more  especially  his  chemical  investigations  of 
fresh  capsules, '  capsular  cicatrices  and  capsular  cataracts,  joined  tho 
adherents  of  the  later  view,  namely,  that  they  are  not  to  be  looked  upon  as 
of  connective  tissue  origin.  Availing  himself  of  Ewald  and  Kuhne's  dis- 
covery, that  the  capsule  of  the  lens,  as  well  as  structureless  membranes,  are 
easily  digested  by  means  of  trpsin,  acids  and  alkaline  solutions,  whereas 
connective  tissue  remains  totally  undigested,  he  finally  concluded  "that 
there  is  a  large  preponderance  of  proof  in  favor  of  the  view,  that  both  the 
capsule  and  its  pathological  formations  are  derived  from  thfe  same 
source,  being  products  of  the  Epithelium  of  the  Capsule." 

Babuchin,^^  in  examining  Sernoff's  preparations,  claims  to  have  seen 
nuclei  in  the  capsule  of  the  lens,  in  the  embryo  of  a  chick.  Berger^^  states 
that  he  made  similar  observations  in  the  human  embryo.  But  Schirmer, 
basing  his  views  on  his  histo-chemical  investigations,  logically  questions 
the  accuracy  of  their  observation.«. 

Kessler  claims  to  have  seen  the  capsule  present  at  the  close  of  the 
Second  Period  of  Development,  as  does  also  Arnold.  The  latter,  however, 
at  the  same  time  leaves  the  question  undecided,  as  to  how  the  formative 
cells,  at  the  posterior  capsule,  which  at  that  time  have  already  become 
elongated  into  lens  fibres,  could  produce  an  exudative  substance  to  form  the 
posterior  capsule.  Kessler  tried  in  vain  to  prove  that  the  capsule  wa-; 
formed  simultaneously  with  the  lens  vesicle.  Becker^'  took  a  position 
between  the  two,  and  spates  that  be  believes  the  structure  of  the  capsule  of 
the  lens  to  be  a  complex  one,  and  that  it  is  only  important  to  prove  its 
presence  at  the  beginning  of  the  Third  Period.     '*For  without  this  closed 


11  Znr  Entwiekelung  dc^s  Aupe  der  Wlrbelthlere,  Tieipsig,  1877. 
•    12  Znr  EntwIokeUung  des  (ilaskolvers.   Arch,  fur  Auatoniie  and  Physiolojrie. 
Ant.  Abth..  5  and  G  Heft..  1880. 

iSRecherehes  sur*  le  developpemont  du  (Tistalllu.  Geneve.  188.").  Referate 
Hirsehberg's  Centralblatt,  1885.  p.  255. 

14  Histologlsche  und  Histoohemlsche  untersuohnngen  iiber  Kapselmarbe  und 
Kapsel  Cataract  nebst  beiuerkungeu  nl>er  das  pliyslologlsche  Wachsthum  und 
die  Structure  der  vodern  Llnsenkapsel  (iraefe  Arch.,  Vol.  XXXV.  Bd.  I.  1889. 

15  Strieker's  Handbuch  der  (iewebslehre,  liClpsig,  1872,  p.  10,  90. 

16  Bemerknngen  ul)er  die  I.insen  Kapsel.  Hlrschbergs  Centralblatt  fur  Prakt 
Angenheil,  1882. 

17  Anatoniie  und  Patliologie,  etc..  p.  24. 
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elastic  membrane,  which  holds  the  entire  contents  of  the  lens  together  and 
which  offers  the  slight  resistance  to  the  yonng  lens  fibres  which  push  their 
way  in  between  the  proximal  fibres  on  the  one  hand,  and  the  capsule  and  iU 
epithelium  on  the  other,  one  could  not  comprehend  the  regularity  both  in 
the  form  and  arrangement  of  the  lens  fibn»s  which  we  so  much  admire. ' 
Schirmer,  however,  contends  that  the  capsule  is  developed  at  the  time 
when  the  epithelium  is  still  present  along  the  .posterior  capsule,  hence 
during  the  First  Period  of  Development  and  at  the  same  time,  when  as  a 
result  of  the  elongation  of  the  proximal  cells,  their  power  to  form  capsular 
substance  is  not  entirely  lost.  He  even  attributes  to  the  young  cells  as  they 
develop  along  the  equator  a  similar  power,  though  to  a  less  degree.  In  a 
series  of  calf  embryoes  which  he  examined  he  found  but  a  very  slight  dif- 
ference in  thickness  between  the  anterior  and  posterior  ca[)sule,  and  states 
that  the  difference  only  becomes  apparent  later  on,  when  the  posterior 
remains  thinner  than  the  anterior.  He  asserts  that  the  posterior  lens  fibre^ 
continue  to  produce  capsular  substance  even  in  e*xtra-uterine  life.  All  the 
evidence  at  the  present  day  indicates  the  ('uiicular  (Edodermir)  origin 
of  the  lens  capsule,  and  that  it  begins  to  fomi  with  the  very  first  period  of 
development  of  the  lens. 

The  question  of  the  (hvetoptnetrl  of  the  Zonula  of  Zinu  is  even  at  the 
present  day,  a  matter  of  doubt.  The  view,  however,  is  generally  ac(*epted 
that  it  is  derived  from  the  Vitreous  and  of  Mesodermic  origin. 

Julius  Arnold,*^  reviewing  all  the  literature  on  the  subject,  shows  us 
that  quite  a  diversity  of  opinions  existed,  and  even  at  the  present  day  they 
have  not  been  entirely  set  aside.  Ortc  set  of  ob8ervei*8,  among  them  ^inn, 
(Desc.  anat  oculi  humain),  from  whom  this  structure  takes  its  name;  Maiire, 
Jean  (Trait  des  maladies  de  J^oeil),  St,  Yves  (Trait  des  maladies  de  yeux), 
Bonhomim,  (Cephalotomie),  Cassebohm,  (Method  sec),  and  Petit  (Mem.  St. 
Acad.  1726)  contended  that  the  zonula  was  derived  from  the  limiting  mem- 
brane of  the  vitreous,  which  at  the  orra  serrata  split  up  into  two  leave* 
which  attached  themselves  to  the  anterior  and  posterior  capsule  of  the  lens. 
A  second  contingent,  among  them  Ferrein,  Falluri  and  Salomon^  consid- 
ered the  zonula  as  a  continuation  of  the  retina.  A  third,  among  them 
Hudolphi,  Dollinger,  Hesselhach  and  Webei\  considered  the  zonula  as  en- 
tirely independent  formation. 

Henle  (Eingeweid  lehre  18()())  joined  in  the  views  of  the  first  group 
with  this  difference,  that  though  he  looked  upon  the  zonula  as  derived  from 
the  hyaloid,  he  considered  the  latter  a  continuation  of  the  limitans  in- 
terna retina.     Liebcr-kuhn  (Uber  das  Auge  der  Wirbelthieren.     Marburg 


i«Gniefe  Saemlscb  Handlnieli,  Vol.  I.  p.  305,  1874. 
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1872),  however,  proved  that  the  hyaloid  had  nothing  to  do  with  the  retina, 
and  that  it  is  the  limiting  membrane  of  the  vitreous,  hence  derived  from  the 
mesoderm.  Srhwalhe  ^  coincides  with  Lieber-kuhn  as  to  the  origin  of  the 
zonula  from  the  vitreous.  He  does  not  accept  a  splitting  of  the  hyaloid 
at  the  orra  serrata,  but  contends  that  a  thickening  takes  place  at  the  orra 
serrata,  and  that  the  entire  membrane  extends  for^^ard  to  form  the  anterior 
wall  of  Petit's  Canal,  the  posterior  wall  being  due  to  a  thickening  of  the 
vitreous.  A.  Hannover  ^  offered  a  still  more  complicated  view,  stating  that 
after  the  splitting  into  two  leaves,  the  anterior  again  split  into  two  leaves, 
one  extending  over  the  ciliary  body  and  its  processes  and  then  going  over 
to  the  anterior  surface  of  the  lens,  whereas  the  posterior  of  the  first  two 
together  with  the  posterior  of  the  original  division  should  form  a  second 
canal  postepor  to  Petit's  Canal  known  as  Hannover's  Canal. 

Arnold  gives  us  the  following  explanation:  "At  an  early  period  of 
foetal  development,  the  lens  is  imbedded  in  a  delicate  tissue  derived  from 
the  mesoderm,  which  is  pushed  in  between  the  lens  and  the  secondary 
ocular  vesicle.  This  tissue  gives  off  procesises  which,  spreading  around  the 
lens,  gain  its  anterior  surface.  Later  this  tissue  goes  to  form  the  choroid, 
processus  ciliare  and  the  iris.  That  portion  posterior  to  the  lens  forms  the 
vitreous,  the  part*  anteriorly  forms  the  membrano-capsulo-pupillaris.  The 
portion  along  the  equator  forms  the  zonula.  At  a  certain  time  no  more 
intimate  connection  than  this  exists  between  vitreous  and  retina,  or  be- 
tween zonula  and  the  ciliarA^  portion.  Later  on,  a  more  intimate  con- 
nection is  established  between  zonula  and  ciliary  body."  He  concludes 
that  the  limiting  membrane  of  the  vitreous,  as  also  the  portion  from 
which  later  on  the  zonula  is  developed,  are  totally  independent  of  the 
retina  in  their  origin  fend  that  the  zonula  is  simply  a  "peculiarly  arranged 
and  specialized  part  of  the  vitreous,''  originally  solid  in  its  construction 
and  of  mesodermic  origin.  This,  he  states,  "does  not  preclude  the  possi- 
bihty  of  softening  or  fluidity  of  the  intercellular  cement  substance  so  as 
to  permit  the  formation  of  fibrillae,  as  we  see  them  in  the  posterior  part  of 
the  zonula."  Merkel  (Die  Zonula  Ciliaris  T^eipsig,  ISTO)  was  the  first  to 
doubt  the  existence  of  Petit's  Canal,  and  that  the  zonula  was  a  continuous 
membrane.  He  looked  upon  this  space  as  the  result  of  the  elements  of  the 
zonula. 

Czermak  ^i  investigated  this  subject  very  carefully,  and  his  views  agree 
vrith  those  expressed  by  Gerlach,  (Beitrag  zur  normalen  anatomic  des  Auges. 


19  Graefe  Saemisch  Handbuch,  Vol.  I.  p.  458. 

20  Entdeckung  des  Bau  des  Glaskorpers.    Mailer's  Arch.,  1845. 

a  Zur  Zonula  Frage-Graef  Arch.,  Vol.  XXXI,  Bd.  I.  p.  74-134.  1S85. 
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Leipsig,  1880),  who  believed  that  the  zonula  eonsisted  of  a  system  of  merid- 
ionally  placed  fibres,  which  take  their,  origin  from  the  ciliary  body  and  the 
orbicularis  ciliaris,  and  that  they  are  independent  of  the  vitreous  body,  and 
he  further  denies  the  existence  of  Petits  Canal.  Later  investigators, 
Schoen22  and  Topolanski,^^  agree  almo.<t  in  ioio  with  Czennak.  As  the 
result  of  his  investigations,  Czermak  states  that  in  early  foetal  life,  the 
space  between  ciliary  body  and  lens  is  filled  up  by  a  large  number  of  foetal 
cells,  which  arrange  themselves  in  rows,  leaving  spaces  between  them. 
These  cells  elongate,  forming  fine  threads  or  fibrillae  arranged  meridionally, 
hence  the  zonula  is  not  a  membranous  structure,  but  a  complicated  system 
of  fibres  from  the  beginning.  In  a  six  and  one-half  month  foetus  he  found 
the  entire  posterior  chamber  occupied  by  the  zonula,  and  a  condition  pres- 
ent never  seen  in  a  fully  developed  eye,  namely,  pencils  of  these  rays  of 
fibrillae  extending  from  the  peripheric  portion  of  the  iris  and  the  most 
anterior  part  of  the  ciliary  body.  Later  on,  as  the  result  of  rarefaction, 
these  fibres  are  restricted  to  the  posterior  portion  of  the  posterior  chamber, 
and  the  pupillary  membrane  disappears  at  the  same  time.  He  looks  upon 
the  zonula  as  of  mesodemiic  origin,  derived  from  the  portion  of  the  em- 
bryonal vitreous  which  fills  up  the  space  destined  to  become  the  posterior 
chamber,  and  that  this  tissue  is  "modified  both  physically  and  chemically 
so  as  to  serve  its  function." 

Others  again,  as  Abey  ^  and  Kuhnt  and  Berger,^^  return  to  the  view 
that  the  zonula  is  a  membrane,  the  fibrillae  Berger  considered  as  fibrillae 
which  support  the  membrane. 

Finally,  E.  Treacher  Collins,^^  as  the  result  of  the  examination  of  an 
eye,  enucleated  from  an  infant  three  months  old  under  the  supposition  that 
it  contained  a  new  growth,  and  which  was  found  to  contain  a  persistent 
hyaloid  and  exhibited  fibres  of  the  suspensory  ligament  in  all  stages  of  their 
development,  and  the  subsequent  examination  of  several  foetal  eyes,  formu- 
lated the  following  idea  as  to  the  development  of  the  zonula. 

**For  a  long  time  the  primitive  lens  remains  in  contact  at  its  sides  with 
the  portion  of  the  secondary  ocular  vesicle  destined  subsequently  to  become 


22  Zonula  und  Grenzebaut  des  Glaskorpers.  Graefe's  Arch.,  Vol.  XXXII,  R 
2,  p.  149,  1886. 

23  Tiber  den  Bau  der  Zonula  und  TJiniBfebung  nebst  bemerkungen  uber  das 
Albinotlsche  Auge.    Graefe's  Arch.,  Vol.  XXXVIII,  B.  1,  1891. 

24  Der  Canalis  Petit  und  der  Zonula  Zinnii  beim  Meusch  und  bei  Wirbel- 
thleren.    Graefe  Arch..  Vol.  XXXVIII,  B.  I.  1882. 

26  Beitrag  zur  Anatomie  der  Zonula  Zinnii  Arch,  fur  Opth.  XXVIII,  B.  II, 
1882. 

26  On  the  development  and  abnormalities  of  the  Zonula  of  Zinn.  The  Royal 
London  Opth.  Hospital  Reports.  Vol.  XIII,  Vol.  I,  p.  81. 
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the  ciliary  body.  The  lens  becomes  encircle<l  by  what  is  termed  its  fibro- 
vascular  sheath,  derived  in  pari  from  the  central  artery  of  the  vitreous  and 
in  part  from  the  vessels  growing  in  between  the  lens  and  the  cornea.  The 
portion  of  the  inner  layer  of  the  secondary  optic  vesicle  still  in  contact  with 
the  lens — that  is,  the  pars  ciliaris  retinae — acquires  adhesions  to  this  sheath. 
Then,  as  the  eyeball  enlarges,  it  does  so  at  a  greater  rate  than  the  lens,  so 
that  a  portion  of  the  ciliary  body  which  was  in  contact  with  the  lens  grows 
away  from  it  and  the  adhesions  which  have  formed  between  them  becomo 
stretched,  and  the  cells  forming  them  much  elongated,  until  only  fibres  with 
nuclei  lying  on  them  can  be  distinguished,  and  ultimately  the  nuclei  go, 
leaving  only  the  delicate  fibres  of  the  suspensory  ligament  as  we  see  theu\ 
in  the  adult  eye." 

As  a  result  of  the  tension  of  these  elongating  fibres,  the  antero  posterior 
diameter  of  the  originally  almost  globular  lens  takes  on  its  lenticular  form. 
He  also  suggests  that  this  mode  of  development  may  throw  light  on  some  of 
the  congenital  abnormalities. 

Collins,  however,  raises  the  whole  question  again,  when  he  states  that 
he  was  unable  to  definitely  determine  whether  the  cells  which  form  these 
fibres  are  derived  from  the  fibro-vascular  sheath  of  the  lens,  hence  mesoblas- 
tic,  or  from  the  cells  of  the  inner  layer  of  the  secondary  optic  vesicle  which 
form  the  pars  ciliaris  retinae,  hence  Epiblastic,  or  n  part  form  one  or  in  part 
the  connective  tissue  class,  hence  of  mesoblastic  origin. 


CHAPTER  II. 

THE  GROWTH  OF  THE  LENS. 

In  contradisftinction  to  its  period  of  foetal  development,  the  growth  of 
the  lens  may  be  said  to  begin  at  the  time  when  the  first  lamellae  of  lens 
fibres  which  take  their  origin  at  the  E(juator,  completely  surround  the 
proximal  fibres  which,  as  we  have  seen,  grow  in  an  axial  direction  and  form 
the  original  nucleus,  the  hvs  body  of  the  second  periods  and  press  them 
away  from  the  distal  epithelium  and  the  posterior  capsule.  From  this  time, 
up  to  birth,  this  production  of  fibres,  which  one  after  the  other  elongate  to 
reach  a  seam,  goes  on.  During  this  periml,  the  lens  is  almost  globular,  but 
owing  to  the  presenci*  oL  many  fibres  which  have  not  attained  their  full 
length,  all  of  which  cross  the  equator,  the  equatorial  diameter  must  be 
somewhat  greater  than  the  axial.  Since  the  human  lens  at  birth  shows  the 
same  star  figure  as  does  a  five  months'  foetus,  ihe,  first  period  of  growth  ex- 
tends from  ahout  the  middle,  to  the  close  of  foetal  life. 
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The  Second  or  Extrauterine  pei-iod  of  (jroirtli  is  essentially  a  continua- 
tion of  the  first  period,  with  this  difference,  namely,  a  diametrically  oppo- 
site process  begins,  which  we  will  designate  as  one  of  PHYSIOLOGICAL 
RETROGRESSION,  These  diametrically  oj)posite  conditions  divide  the 
extra-uterine  period  into  two  great  periods,  one  of  extra-uterine  groA^-th,  up 
to  its  complete  development:  the  other,  that  of  retrogression  together  witii 
the  changes  incident  to  a  reduction  in  volume. 

How  great  the  increase  in  volume  is,  may  he  judged  by  the  following: 
The  weight  of  a  lens  taken  from  a  foetus  in  which  the  total  ocular  axis 
measured  15  mm.  was  0.07  grammes,  (Becker),  whereas,  at  birth,  in  an  eye 
having  an  ocular  axis  of  ITmm.the  lens  weighed  0.10  grammes,  (Becker),  and 
Sappey  estimates  the  average  weight  of  an  adult  lens  at  O.'^IH  grm.  This 
increase  in  volume  is  accompanied  by  a  very  natural  increase  in  the 
equatorial  diameter  of  from  5  mm.  to  10  mm.,  whereas  the  saggital  diam- 
eter, the  axis  of  the  lens  according  to  Sappey,  remains  almost  unchanged,  4 
to  4.5  mm.  The  lens  of  the  human  foetus  and  of  the  new-bom  child  is 
almost  globular,  whereas  in  an  adult  the  surface  has  a  much  sharper  curva- 
ture. 

In  the  foUowinp  table  the  absolute  weight  agrees  exaetly  with  the  state- 
ments of  Sappey.  Weight  and  volume  (with  but  one  exception)  increase  steadily 
with  age.  The  specific  gravity  varies  slightly  from  the  average.  The  extremes, 
however,  bear  no  close  relationship  to  the  age. 

Some  slight  doubt  is  cast  on  the  accuracy  of  these  results,  because  the  lenses 
had  been  In  MuUer's  fluid  for  various  periods,  some  for  several  years;  and 
fnrther,  because  the  number  of  examinations  is  not  large  enough.  All  the  lenses 
were  obtained  post  mortem. 


No. 

AOE. 

Absolutr 

Wbiobt. 

Or. 

Volume. 
Cu.  Ctm. 

Specific 
Gravity. 

1 

Foetus. 
At  Birth. 
20  yrs. 
20     ** 
22     ** 
40     " 
4»     " 
49    •' 
54     •• 
54     " 
60     •* 

0.070 

0.10 

0.18 

0.185 

0.215 

0.190 

0.225 

0240 

0.245 

0.245 

0.251 

2 

8 
4 
5 
6 
7 
8 
9 
10 
11 

0.155 
0.159 
0.177 
0.158 
0.194 
0.198 
0.214 
0.214 
0.217 

1.16129 
1.16852 
1.18158 
1.24248 
1.15979 
1.21212 
1.14486 
1.14486 
1.15668 

Average  .  .  .  0.219  0.19ft        1.16946 


Priesthey    Smith  i    has    verified    all    Becker's    statements,    at    the     same 


1  Oph.  Society.  1883,  p.  79,  reprinted  in  his  monograph,  "The  Pathology  and 
^Treatment  of  Glaucoma,"  1891. 
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time  avoiding  his  sources  of  error,  since  all  the  eyes  which  he  used  were 
removed  one  hour  after  death,  and  at  once  immersed  in  vitreous  fluid, 
in  order  to  prevent  gain  or  loss  in  bulk.  He  states  (Page  84),  ''15G  eyes 
were  removed  from  dead  subjects  in  nearly  equal  numbers,  to  the  six  decades 
of  life  between  20  and  80  years,  and  a  smaller  number  between  80  and  90.  Each 
lens  was  accurately  weighed,  and  then  measured  as  to  its  volume  by  means  of 
a  special  apparatus  devised  for  the  purpose.  In  most  cases  the  linear  dimen- 
sions were  measured.  The  specific  gravity  was  calculated  in  each  case  from 
weight  and  volume.  The  crystalline  lens,  so  long  as  it  is  healthy,  increases  in 
weight  and  volume  throughout  the  whole  of  life.  During  the  40  years,  between 
25th  and  65th  year,  it  adds  about  one-third  to  its  weight,  one-third  to  its  vol- 
ume, and  one- tenth  to  its  diameter.  The  specific  gravity  seems  to  vary  little 
ill  the  individual  cases,  but  shows  no  decided  changes  with  the  advance  of  life. 
(Page  89.)  In  many  text-books  the  dimensions  of  the  Crystalline  Lens  are  incor- 
rectly stated.  Thus  in  Graefe's  Saemisch  Handbuch,  Vol.  I,  p.  43-45,  the  antero- 
posterior diameter  of  the  lens  is  given  as  3.7  mm.  This  is  too  small,  even  for 
a  young  adult,  and  for  the  middle  and  advanced  adult  life  it  is  much  too  small 
in  elderly  people.  I  have  found  the  lens  measuring  6  to  even  6.5  mm.  in  di- 
ameter." 

PAGE  174.      AVERAGES. 


Agb  in  Yrs. 


20-29 
30-89 
40-49 
60-59 
60-69 
70-79 
80-89 


Weight  in  Mgr. 

174 

192 

204 

221 

240 
(245) 
(266) 


B 

c 

D 

Volume  in  Cub.  MM. 

Spec.  Gray. 

Diameter. 

168 

1067 

8.67 

177 

1085 

8.96 

188 

1085 

9.09 

205 

1078 

9.44 

225 

1067 

9.49 

(227) 

(1079) 
(1090) 

9.64 

(244) 

9.62 

NOTE.— Above  the  age  of  (J9,  the  number  of  transparent  lenses  examined 
was  much  smaller  than  in  the  earlier  decades.  The  averages  are  given  in 
brackets,  and  must  be  talcen  as  less  certain  than  those  belonging  to  the  earlier 
periods. 

Bernhard  Dub.2  examined  a  series  of  lenses  ranging  from  the  ninth 
month  up  to  twelve  years.  All  his  measurements  were  made  with  a  Zeiss 
millimeter  scale  under  the  microscope.  As  will  be  seen  from  the  table,  though 
the  equatorial  diameter  is  not  exactly  proportionate  to  the  age,  it  shows,  never- 
theless, that  the  lens  increases 'in  size  as  age  advances. 


2BeItrag  zur  Kenntuiss  der  Cataracta  Zoiiulnrls.   Graef  Arch., Vol.  XXXVII, 
Vol.  4.  1891. 
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1 
No. 

AGE, 

I«BNGTH 

OF  Body. 

Equatorial  Diameter,  mm. 

Sagittal  Diameter,   mm. 

Size. 

IIAXIM. 

MIN. 

AVER- 
AGE. 

Size. 

Maxim.!   Mix. 

AVER- 
AGE. 

1 

2 
8 

10  mths. 
11 

11  " 

62 

50 
60 

6.8 
8.0 
7.6 

'8.0* 

*6!8' 

'7.46 

2.2 
2.4 

2.8 

*2!8*   j  *2;2 

2.46 

4 

12       •• 
12       •* 
18       •* 
18       •• 

l^yrs. 

1^    - 

vx  " 
iH  *• 

1>^  " 
lyi  " 
1^  •* 

1^  ** 

I'A  " 
i>^  •* 
1^  " 
1^  " 
iH  *• 
1^  - 

62 
66 
62 
74 
84 
64 
62 
82 
70 
66 
64 
68 
74 
76 
74 
62 
72 
71 
66 
76 
82 
78 
68 

7.8 

2.6 
2.5 
2.5 
2.6 
2.9 
2.6 
2.8 
26 
2.5 
2.6 
2.2 
2.4 
2.6 
2.6 
2.5 
2.8 
2.6 
2.6 
24 

' 

5 
6 
7 
8 
9 
10 
11 

6.9 
7.6 
8.0 
80 
8.1 
8.0 
8.0 
8.1 
8.3 
7.5 
8.0 
8.2 
7.4 
7.8 
7.8 
6.1 
8.1 
7.9 

.   .  . 



.    .     . 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

'8*.8" 

*6!9 

7.'87 
.  .  . 

*2!9' 

"2!2" 

*2.*67 

28 

24 
25 
26 

2       " 
2       ** 
2       ** 

2X    - 

8.2 
8.4 
7.9 
8.8 

*8!4' 

7!9* 

'8!2' 

2.6 
2.5 
2.8 
8.0 

'8!o* 

'2;5" 

'2.72 

27 
28 
29 

8       *» 

8>^   •» 
8K   - 

70 
86 

80 

8.6 

8.6 
8.2 

'8!6' 

'8!2' 

'8.46 

2.8 
2.9 

2.8 

2!9* 

*2!8 

*2.*88 

30 
81 
82 
38 

4       ** 

5>^    *• 

7       *• 

12       «* 

84 
100 

85 
129 

7.8 
8.4 
8.2 
8.8 

8.1 
3.2 
2.9 
8.4 

Finally,  Treacher  Collins  3  examined  a  series  of  f oet»l  eyes  from  the  fourth 
to  the  ninth  month.  This  table  also  shows  that  the-AXlal  or  transverse  diameter 
of  the  lens,  which  at  the  fourth  month  is  only  a  little  more  than  the  antero- 
I)osterior,  in  the  adult  is  nearly  three  times  as  much.  Also,  that  in  adult  life 
the  antero-posterior  diameter  is  somewhat  less  than  in  foetal  life. 


No.  OF  Byes 
Examined. 

Diameter  op  Eyeball. 

Diameter  of  I^ens. 

AGE. 

Antbro 
Posterior. 

Lateral. 

Vertical. 

Antero 
Posterior. 

Equatorial 

or 
Transverse. 

h    4  mths. 

3    6" 

d  «  " 

i  7  " 

w     9     ** 
2     Adult. 

8 

1 
4 
8 
8 
Merkel. 

8.1    mm. 
11.75     *• 
12.50     ** 
14.30     ** 
16.75     *• 
24.3      *' 

7.8  mm. 
11.6     *• 
12.0     " 
18.2     " 
16.       *• 
23.6     *• 

7  5  mm. 

10.5  *« 
11.1     ** 

12.6  " 

15.3  ** 

23.4  " 

2.8    mm. 

8.5       ** 

3.8       *' 

4. 

4.8       " 

8.7       *• 

8.8     mm. 

4. 

4.5 

5. 

5.55       ** 

9.00      »• 

Thus,  if  we  arnoige  a  table  from  the  foregoing,  showing  the  growth  of 
the  equatorial  and  axial  diameter  of  the  lens  from  the  early  period  of 


3  Abnormalities  of  the  Zonula  of  Zinn. 
Reports,  Vol.  XIII,  p.  86,  1893. 
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foetal  life  up  to  the  extreme  age,  it  at  once  becomes  evident  how  extremely 
rapid  the  growth  of  the  lens  is  in  intrauterine  life,  as  compared  with  the 
extrauterine.  Further,  that  in  earliest  life  the  lens  is  almost  globular,  but 
as  life  advances  becomes  flatter. 


Equatorial 
Diameter. 

Antbro 
Posterior 
Diameter. 

4th  month, 

8.8    mm. 

2.8    mm. 

COLUNS. 

Foetal 

5th      ** 
6th       •* 

4.0        *' 
4.6        *' 

1     8.5       ** 

188        •' 

Life. 

7th       '* 

5.0 

;  4.1     *• 

_ 

9th      ** 
9th  to  12th      •' 

5.7        " 

j     4.2        - 

7.46       • 

2  46      " 

1  to    2  years, 

7.87     •• 

2.57     " 

2  to    8      •• 

8.2       ** 

1     2.72     *• 

Dub. 

After 

8  to    4       " 

8.46     " 

2.88     ** 

Birth. 

4  to    5       •* 

7.8       •* 

8.1         * 

5  to    6      '• 

8.4       *• 

8.2       " 

7       *• 

8.2       *' 

2.9       "  • 

12       ** 

8.8       '* 

8.6       *• 

•       20  to 29       •• 
30  to  89       '* 

8.67     *' 
8.90     •• 

Priestly 

After 

40  to  49       " 

9.09     " 

Smith. 

Birth. 

60  to  59       " 
60  to  69      " 
70  to  79       *• 

9.44     '* 
9.49     ** 
9.64      *' 

1 

80  to  89       " 

9.62     ** 

i 

The  foHowlDg  average  meaHurements  for  the  lens  in  the  new  boru  are  quoted 
in  a  recent  publication  by  E.  V.  Hippel  (Uber  das  Auge  des  Neugeborenen.  Graef 
Arch.,  Vol.  XLV,  Part  II,  p.  293,  1898): 


Antbro 
Posterior. 


V.  Yager, 
Huschke, 
Sommeriog,  - 
Krause, 
Merkel  &  Orr, 
Dieckmao, 
Treacher  Collins, 

E.  V.  Hippel, 


Equatorial  Diameter. 


I  4.5142  6.8528 

5.18  6.76 

'  4.2864  5.188 

I  4.512-4.787  I  6.768—7.219 
I  5.0  i  9.6.  For  both  Ant.  and  Post.  Surface.  Radius  of  Curv- 


J5.1 
4.3 
j  8.76 
14.00 


6.29 
5.75 
6.00. 
6.5 


[ature,  8.3  mm. 


( Two  absolutely  fresh  Eyes. ) 


As  we  have  seen  on  page  2:},  the  tri-star  figure  is  accepted  as  the  typo 
at  birth,  with  the  .star  on  the  posterior  surface  of  the  lens  turned  at  60 
degrees  to  the  one  on  the  anterior  surface.  But  in  its  further  development 
after  birth,  a  more  complicated  figure  is  formed  by  the  fonmition  of  sec- 
ondary rays.  Near  the  pole,  each  primary  ray  divides  into  two  rays  forming 
equal  angles  of  60  degrees,  or  each  ray  divides  into  three  rays,  thus  forming 
equal  angles  of  40  degrees,  or  four  rays,  forming  angles  of  30  degrees.  But, 
as  Becker  states,  (Anatomic,  p.  27),  "This  does  not  exhaust  the  variety  of 
types,"  and  he  further  (p.  28)  draws  attention  to  the  fact,  that  the  star 
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figure  on  the  anterior  and  posterior  surfaces  are  not  of  the  same  type,  hence 
all  the  fibres  in  a  lamella  are  not  of  equal  length,  as  we  found  them  whero 
there  is  the  single  tri-star.  He  claims  to  have  seen  the  only  case  (in  a  girl 
twenty  years  of  age)  in  which  the  type  on  the  anterior  and  posterior  surface 
was  the  same.  According  to  Kolliker,*  in  these  complicated  star  figures,  it 
becomes  more  difficult  to  understand  the  arrangement  of  the  fibres,  since 
the  fibres,  as  they  attach  themselves  to  the  seam,  are  bowed  in  opposite 
directions,  so  that  their  arrangement  reminds  one  of  a  feather,  at  times 
forming  a  perfect  vortex  ("vortices  leniW^),  Thus  it  happens  that  the  per- 
ipheral fibres  of  the  fully  formed  lens  only  lie  for  a  short  distance  in  a 
single  plane. 

Dr.  Percy  Friedenberg,^  as  the  result  of  his  investigations,  (with  Zehen- 
der-Westien  corneal  loup;  also  with  lenses  removed  from  the  eye  and  treated 
with  Nitrate  of  Silver,  1:500  or  1:100),  claims  that  these  schematic  figures 
have  no  basis  in  fact,  that  he  has  found  four,  fi^Q,  six  and  seven  pointed 
primary  rays,  and  secondary  rays  could  be  counted  up  to  almost  any  limit 
of  visibility,  making  the  total  of  rays  twenty  or  more.  The  figure  at  tho 
pole  is  rarely  that  of  a  true  star,  as  the  angles  between  the  adjacent  rays  are 
usually  unequal;  besides  this,  the  rays  do  not  issue  from  the  pole  or  from  a 
point  which  corresponds  to  it  approximately,  but  usually  start  fi^om  a 
sutural  line  running  through  the  pole.  In  most  cases  this  line  is  vertical, 
but  not  at  all  infrequently  oblique.  The  number  of  rays  in  the  various 
quadrants  is  not  the  same,  being  greatest  in  the  upper,  next  in  the  lower, 
then  the  temporal  quadrant,  the  nasal  always  being  the  least.  He  found  in 
mammals  that  the  lens  star  corresponds  to  that  of  man. 

The  function  of  the  Eye,  or,  more  properly  speaking,  the  influence 
of  light  on  the  eye,  begins  at  birth.  This  is  not  exactly  true  of  -several  iso- 
lated cases  of  mammals,  as  the  rabbit  and  the  marsupia.  At  this  time  the 
anterior  segment  of  the  eye  finds  itself  in  contact  with  a  different  medium. 
As  long  as  the  external  surface  of  the  cornea  is  in  contact  with  the  Amni- 
otic fluid,  theriB  is  scarcely  an  anterior  chamber.  This  is  only  formed  after 
the  corneal  ej)ithelium  is  covered  by  a  capillary  film,  whereas  the  endo- 
thelial layer  continues  after,  as  before,  to  border  on  the  increasing  quantity 
of  the  Aqueous.  This  is  in  accordance  with  the  fact,  that  in  animals  which 
live  in  the  water,  especially  in  fishes,  there  is  scarcely  an  anterior  chamber.* 


4  Handbuch  der  Gewebslehre,  1867,  p.  693. 

6  Then  Lens-star  figure  In  Man  and  the  Vertebrates.  Archives  of  Ophthal- 
mology, April,  1895.  . 

6  Leukart  R.  Organologle  des  Auges.  Graef  Saemisch,  Bd.  II,  p.  145,  1876, 
p.  259. 
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"In  many  of  these  animals  the  lens  touches  the  Cornea,  so  that  the  anterior 
chamber  is  practically  reduced  to  a  narrow  space  restricted  to  the  periphery. 
In  these  cases  the  Cornea  is  very  flat.  Water,  Cornea  and  Aqueous  have  the 
same  index  of  refraction."  Hence  in  animals  which  live  exclusively  in  the 
water,  we  find  that  the  refraction  of  light  is  mainly  dependent  on  the  lens, 
in  contradistinction  to  animals  which  live  in  the  air.  And  in  accordance 
\\dth  this  fact,  the  lens  is  found  to  be  almost  globular.  Here,  then,  conditions 
purpose,  effect  and  result  mutually  equalize  each  other.  In  the  new-bom  in- 
fant ocular  inspection  is  often  .sufficient  to  demonstrate  that  there  is  scarcely 
an  anterior  chamber.  Owing  to  the  gradual  accumulation  of  the  aqueous,  the 
lensis not  only  pressed  backward,  but  its  general  contour  is  changed.  This  in- 
creased filling  out  of  the  anterior  chamber  has  likewise  a  lateral  extension, 
especially  toward  the  less  resistant  posterior  chamber.  By  this  means  the 
Zonula  is  drawn  tense,  and  the  lens  is  compressed  in  a  saggital  direction.*^ 
From  now  on,  contraction  of  the  Ciliary  Muscle  causes  relaxation  of  the 
Zonula,  and  as  a  result  the  lens  returns  to  its  more  globular  form,  as  it  ex- 
isted during  foetal  life. 

At  birth  the  lens  assumes  various  changes  in  its  shape,  dependent  on 
accommodative  effort.  These  changes  can  not  be  entirely  set  aside,  even  in 
foetal  life,  since  aside  from  the  changes  in  the  '*P>lectrical  Conditions"  of  the 
Oculo-Motorius,  which  must  be  followed  by  contraction  of  the  Ciliari' 
Muscle,  the  converging  movements  of  the  eyes  are  associated  with  accom- 
modative efforts,  even  in  utero.  Though,  as  far  as  we  know,  accommo- 
dative efforts  do  not  take  place  during  the  first  few  days  or  even  weeks  of 
extra-uterine  life,  nevertheless  the  action  of  light  on  the  retina  must  lead 
to  a  contraction  of  the  ciliary  muscle. 

As  regards  the  length  of  lens  fibres,  there  appears  to  be  a  very  material 
difference  between  this  and  the  foregoing  period  of  growth.  In  all  that 
has  previously  been  said;  in  the  foetal  lens,  all  the  individual  fibres  of  each 
concentric  lamella  were  of  equal  length.  In  each  succeeding  lamella  the 
individual  fibres  must  be  longer  than  in  the  preceding,  if  the  rays  of  the 
lens  star  increase  in  length  and  each  fibre  occupies  relatively  the  same 
position,  as  its  corresponding  fibre  in  the  layer  beneath.  This  gradual  in- 
crease in  length  extends  to  the  close  of  the  first  period  of  growth,  as  long 
as  the  simple  tri-star  figure  continues.  Robinsky  ^  has  beautifully  described 
this  condition.  He  estimates  that  a  fibre  which  starts  exactly  at  the  pole 
anteriorly,  attaches  itself  posteriorly  exactly  at  a  point  where  the  anterior 


^  For  a  different  explanation  see  Collin's  ^Tlieory,  p.  30. 
8  Untersuehungen  zur  Kentniss  der  Laage  und  Anordnung  der  Augen  linsen- 
fasren.    Centrab.  f.  d.  med.  Wiss,  1882,  No.  27. 


37 
and  middle  third  of  the  corresponding  radiiis  meet.  The  succeeding  fibres 
on  the  anterior  surface  are  all  successively  removed  one  fibre's  breadth  from 
the  pole,  and  on  the  posterior  surface  along  the  corresponding  radius,  all 
the  fibres  reach  one  fibre's  breadth  successively  nearer  to  the  pole,  so  that 
finally  the  fibre  which  finds  its  point  of  attachment  on  the  anterior  surface 
at  the  junction  of  the  anterior  and  middle  third  extends  posteriorly  to  the 
pole."  According  to  Robinski,  a  fibre  taken  from  the  most  external 
lamella  of  the  lens  of  a  new-born  infant  measures  5.o  mm.  Meas-' 
urements  of  the  lens  fibres  of  adults,  as  compared  with  the  increase  in  the 
size  of  the  equatorial  diameter  of  the  lens,  did  not  show  a  relative  increase 
in  size,and,aftidefrom  this, they  variedgreatly(2.74'''  to  4.0(V'0  7.17  to  lO.CU. 
mm.  Hence  the  fibres  are  neither  of  eqiial  length,  nor  can  they  reach  from 
one  pole  to  the  junction  of  the  outer  and  middle  third  of  the  corresponding 
radius  of  the  opposite  side.  Direct  observation  has  shown  that  they  end  in 
the  outer  third  of  the  corresponding  radius.  The  length  of  the  fibres  vary 
in  each  lamella,  and  this  variation  is  all  the  greater,  the  more  complicated 
the  star  figure. 

If  one  will  make  a  sketch  of  both  the  anterior  and  posterior  surface 
of  the  adult  lens,  showing  the  lens  star,  one  will  see  that  if  the  number  of 
rays  is  the  same  on  both  surfaces,  all  the  fibres  will  be  of  equal  length,  just 
as  in  foetal  life.  But  if  this  complicated  type  is  different  on  the  two  sides, 
as  a  necessity  the  fibres  must  vary  greatly  in  length.  Since,  with  the  single 
exception  mentioned  above,  this  latter  type  is  the  one  always  met  with,  the 
fibres  of  a  single  lamella  in  a  human  lens,  and  which  develop  in  extrauterine 
life,  will  not  only  be  shorter,  as  compared  to  the  portion  of  the  lens  which 
they  encompass,  but  they  will  no  longer  possess  an  equal  length  as  com- 
pared with  each  other,  as  they  did  in  foetal  life.  This  inequality  in  the 
length  of  the  lens  fibres  is  to  be  looked  upon  as  the  cause  of  the  great  in- 
crease in  the  radii  which  go  to  make  up  the  star  figure  and  the  production 
of  the  variety  of  types  seen  on  both  surfaces. 

In  lieu  of  a  more  plausible  explanation  of  this  unequal  growth  of  th*> 
lens  fibres  in  extra-uterine  life,  one  might  be  permitted  to  seek  it,  in  the 
functional  activity  of  the  lens,  and  in  its  uninterrupted  formation. 

The  position  of  the  nuclei  of  these  fibres  is  dependent  on  the  above 
described  irregularities  in  the  length  and  the  laying  down  of  the  new-formed 
lens  fibres.  In  embryonal  lenses,  even  in  the  new-bom,  the  Nuclear  Zone 
of  nuclei  form  a  convex  curve  on  section.  This  is  not  the  case  in  older 
lenses.     Von  Becker^  drew  attention  to  the  fact,  that  at  first  the  fibres 

9  TTntersucbungen  uber  den  Bau  der  Linse  bel  den  Menscben  und  den  Wir- 
belthieren.    Arch.  f.  Optli.,  Bd.  IX,  1873,  p.  10. 
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grow  only  at  their  anterior  extremity,  as  one  is  justified  in  concluding  from 
the  position  of  the  nuclei,  soon,  however,  the  posterior  extremity  also  grows. 
Thus  it  happens  that  in  the  beginning  the  nuclei  form  a  limited,  and  later 
on,  a  somewhat  broader  curve,  which  is  open  anteriorly  and  which  then 
merges  into  the  larger  anteriorly  convex  curve.  xVccording  to  Von  Becker, 
from  now  on,  the  growth  of  both  ends  of  the  fibre  is  almost  equal.  Since 
the  proportion  of  each  fibre  which  is  on  the  anterior  and  posterior  surface 
is  dependent  on  the  arrangement  of  the  radii,  or,  more  properly  speaking, 
on  the  part  which  each  separate  fibre  plays  in  the  formation  of  these  radii, 
therefore  their  nuclei  must  also  occupy  a  variety  of  positions,  depending 
on  the  above  circumstances.  Though  the  general  law,  that  the  nuclei  are 
always  found  in  the  posterior  portion  of  the  anterior  half  of  the  fibres,  is 
almost  universally  accepted,  on  section  the  curve  formed  by  all  the  nuclei 
which  form  the  Meyer's  nuclear  zone  will  always  be  found  in  the  outer  por- 
tion and  with  the  concavity  of  the  curve  turned  toward  the  anterior  surface 
of  the  lens.  Whether  this  curve  will  in  certain  portions  of  the  lens  extend 
anteriorly,  or  more  toward  the  centre,  or  even  backward,  will  depend  on  the 
variety  and  even  the  condition  of  the  rays  of  the  lens  star.  Von  Becker 
very  properly  concludes,  that  one  should  ndt  picture  to  one's  self  this 
nuclear  zone  as  though  it  passed  through  the  equatorial  plane  of  the  lens, 
as  though  it  were  a  djaphragm,  but  rather  as  though  it  were  a  sheet  attached 
at  the  periphery  and  which  extended  through  the  substance  of  the  lens,  vi 
a  wavy  manner  and  equidistant  from  the  radii  of  the  lens  star.  If  we  can 
thus  explain  certain  departures  in  the  position  of  the  nuclei,  as  we  find  them 
in  very  thin  sections,  aside  from  these,  we  do  meet  with  well-preserved  nuclei 
in  the  deeper  layers,  dispersed  in  the  most  irregular  manner.  This  rule, 
therefore,  has  its  exceptions. 

In  very  thin  sections  of  the  lens  one  may  observe  still  other  abnormal- 
ities. Henle  (Zur  Anatomic  der  Krystallinse  Gottingen,  1878)  has  pointed 
out  one  which  is  of  great  importance,  namely,  that  the  lamellae  do  not  in- 
crease regularly  in  thickness,  as  we  go  from  without  inward.  Such  a  con- 
dition indicates  that  the  growth  of  the  lens  is  not  a  perfectly  regular  and 
continuous  one,  but  that  it  is  influenced  by  the  same  fluctuations  in  the 
general  nutrition  of  the  body,  as  are  other  organs,  as  per  example,  the  skin, 
the  hair,  more  especially  the  nails,  on  which,  subsequent  to  a  long-continued 
fever,  one  can  observe  a  line  of  demarcation.  There  can  hardly  exist  a 
doubt  but  that  during  the  time  in  which  a  child  is  well  nourished,  the  lens 
fibres  grow  rapidly,  become  broader  and  more  succulent;  whereas,  in 
anaemic  children,  the  growth  is  interfered  with  or  possibly  totally  arrested. 
Such  an  irregular  interference  with  the  growth  of  the  lens  fibres  will  mani- 
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fest  itself  by  the  irregular  manner  in  which  the  nuclei  of  the  youngest 
fibres  follow  one  another.  At  times  they  follow  each  other  in  a  regular 
curve,  then  again  their  curve  is  interrupted  by  one  or  more  nuclei  lying  far 
removed  from  it. 

A  host  of  the  older  observers  have  stated,  that  in  the  lens  star  is  to 
be  found  a  partially  homogenous,  partly  finely  granular  substance  which 
separates  the  fibres  as  they  come  to  meet  each  other  from  opposite  sides. 
Bowman  (Lectures  on  the  Eye,  London,  1849)  described  in  lenses  depend- 
ing on  their  construction,  one,  two,  three  or  more  tri-stars  with  their  points? 
directed  toward  the  centre.  He  considered  these  non-fibrous  planes  "cen- 
tral planes."  Kolilker  (p.  711)  found  but  little  of  this  substance  where  the 
lenses  had  been  hardened  in  chromic  acid  and  the  fibres  were  well-preserved. 
Babuchin  and  Senioff  assert  that  the  fibres  are  in  direct  contact  (p.  1086, 
Babuchin.  Die  Linse).  A^on  Becker  set  up  the  hypothesis  that  these  central 
planes  were  in  direct  connection  with  a  system  of  inter-fibrillar  spaces, 
which  he  supposed  had  some  bearing  on  the  accommodative  act.  Otto 
Becker  agrees  with  Babuchin  and  Semoff,  but  denies  the  existence  of  these 
"central  planes"  and  inter-fibrillary  spaces.  These  spaces  are  lenticular 
in  shape  and  filled  with  a  finely  granular  substance.  Their  exact  nature  is 
not  quite  clear,  but  Otto  Becker  suggests  that  they  "are  due  to  irregularities 
in  the  exact  coaption  of  the  one  lamella  over  the  other."  Hence  these  spaces 
are  partly  congenital  and  are  to  be  looked  upon  as  having  been  present 
during  life.  It  is  possible  that  these  interspaces  stand  in  some  causative 
relation  to  some  forms  of  congenital  punctate  Cataracts  or  to  acquired  Cat- 
aracts which  first  manifest  themselves  as  punctate. 

THE  MANNER  IN  WHICH  THE  LENS  FIBRES  ADHERE 
TO  THE  EPITHELIUM  AND  TO  THE  POSTERIOR  CAP- 
SULE. Just  as  we  found  that  there  is  nothing  other  than  the  so- 
called  ordinary  tissue  fluid  of  the  body  occupying  the  spaces  between  the 
ends  of  the  fibres  as  they  come  together  to  form  the  lens  star,  so,  likewise, 
this  same  fluid  exists  between  the  fibres  laterally  and  between  the  successive 
layers;  likewise  it  is  found  between  the  anterior  capsule  and  the  epithlium 
and  between  the  fibres  and  the  inner  surface  of  the  posterior  capsule. 
Nevertheless,  at  all  the  above-mentioned  situations  we  find  a  demonstratable 
amount  of  organic  materi-al,  which  during  life  is  fluid  or  soft  and  which 
after  death  in  the  hardened  state  may,  or  may  not  be  demonstratable  by  the 
use  of  various  methods  of  staining.  This  substance  is  the  source  of  those 
prettily  arranged  shallow  depressions  seen  on  the  inner  surface  of  the 
posterior  capsule  of  the  lens,  which  have  been  so  frequently  the  subject  of 
discussion.    Henle  looked  upon  them  as  due  to  coagulated  albumen.    (Anat- 
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omie,  p.  680).  In  his  Pathologie  and  Therapie,  page  165,  Becker  expresses 
himself  that  "these  ledges  are  hyaline  deposits  due  to  the  coagulation  of 
albuminous  fluid  which  becomes  changed  into  these  Morgagni's  globules. 
Seen  on  the  flat,  they  look  very  much  like  the  cells  of  a  honeycomb,  but 
they  are  not  regularly  six-sided,  and  show  differences  in  size.  This  coagu- 
lation may  occur  during  life  as  well  as  after  death."  But  at  that  time  he 
had  the  erroneous  idea  that  the  ends  of  the  fibres  could  not  cause  similar 
pictures.  (P.  166).  Deutschman  ^®  expressed  himself  that  there  is  con- 
stantly a  sub-capsular  layer  of  albuminous  fluid  present  between  capsule 
and  lens  substance.  Finally,  Henle  so  modified  his  original  statement  as  to 
admit  a  connection  between  the  protruding  ledges  and  the  narrow  splits 
which  are  bounded  by  the  blunt  edges  of  the  fibres.  He  says,  "They  divide 
the  inner  surface  of  the  posterior  capsule  into  veritable  fields,  the  dimen- 
sions of  which  equal  the  diameters  of  the  fibres."  Kolhker  gives  the  same 
explanation  in  his  microscopical  Anatomy,  Vol.  11.,  page  TOT.  It  is  more 
than  likely  that  these  ledges  become  permanent  after  death,  the  albuminou* 
tissue  fluid  coaguhiting  as  a  result  of  the  cooling  off  of  the  body,  or  they  are 
possibly  artificially  produced  when  the  eye  is  placed  in  the  hardening  fluid. 
This  appears  to  be  all  the  more  probable  since  these  structures  are  found 
more  frequently  and  to  a  greater  extent  at  the  posterior  capsules  of  young 
animals  in  which  the  posterior  capsule  is  still  in  direct  contact  with  the 
ends  of  the  fibres. 

Although  Becker  acknowledges  the  correctnc*ss  of  this  view  for  a  cer- 
tain proportion  of  cases,  he  does  not  consider  the  matter  as  definitely  settled. 
He  says,  "I  am  still  of  the  opinion  that  the  coagulation  of  the  so-called 
Morgagni's  globules  is  the  cause  of  the  impressions  and  the  formation  of 
these  ledges.  These  depressions  are  always  nearly  circular,  and  at  times 
some  of  them  are  still  found  occupied  by  these  Morgagni's  globules.  These 
globules  vary  greatly  in  size.  In  some  specimens  they  are  very  large,  and 
one  can  observe  how  they  are  just  beginning  to  loosen  up.  Finally,  I 
have  never  observed  both  fonnations  in  the  same  preparation.  To  a  degree 
they  seem  to  exclude  each  other,  the  fomier  being  observed  more  especially 
in  the  fresh  eyes  of  the  young,  the  latter  being  ex(-lusively  found  in 
cadaveric  eyes.  This  is  explained  by  the  fact,  that  in  eyes  in  which  this 
Morgagni's  fluid  accumulates  between  lens  and  capsule,  the  lens  fibres  are 
no  longer  in  contact  with  the  inner  surface  of  the  ca])sule,  and  hence  can 
no  longer  give  rise  to  these  depressions.  In  the  cadaver  the  albuminous 
fluid  which  accumulates  between  the  epithelium  and  the  lens,  the  occur- 


lOZur  regeneration  des  Humour  Aqueous.     Arch.  Opth.,  Bd.  XXVI.  p.  121 
and  p.  99. 
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rence  of  which  has  given  rise  to  the  false  teaching  that  this  is  to  be  looked 
upon  as  Humour  Morgagni,  also  leaves  behind  it,  when  it  coagulates,  de- 
pressions of  an  analogous  character  on  the  inner  surface  of  the  Epithelium. 
These  figures  are  often  mistaken  for  Wedl's  A'esicular  Cells." 

THE  FORMATION  OF  NEW  LENS  ITBRES.  As  has  already  been 
indicated,  on  page  22,  the  lamellae  of  the  lens  are  developed  by  the  forma- 
tion of  new  lens  fibres  along  the  equator.  As  these  new  fibres  develop,  they 
gradually  press  those  already  formed  away  from  the  surface. 

As  long  ago  as  1851,  Herman  Meyer,^^  in  order  to  uphold  this  view, 
drew  attention  to  the  changes  which  the  nuclei  of  the  fibres  undergo  as  they 
gradually  become  removed  from  the  surface,  and  he  considered  this  as 
an  indication  of  the  gradual  death  of  the  nuclei.  An  incidental  utterance 
of  H.  Muller  ^^  makes  it  probable  that  he  also  believed  that  the  new  fibres 
are  found  at  the  whorl.  Kolliker  (p.  731)  believed  that  cellular  division 
took  place  along  the  Equator,  thus  constantly  replacing,  the  cells  which  had 
been  changed  into  fibres,  and  Von  Becker  claimed  that  he  observed  this 
cellular  division  going  on  along  the  same  line.  Frey  ^^  even  mention^ 
nuclear  division  in  the  lens  fibres  of  an  eight  months'  human  foetus. 
Whereas,  Semoff,  Iwanoff  and  Arnold  did  not  observe  these  karyokinetic 
figures,  Henle  attempted  to  explain  the  assertions  of  Kolliker  and  Von 
Becker,  who  claim  to  have  seen  conglomerations  of  small  cells  along  the 
epithelial  border,  by  demonstrating  that  this  appearance  of  a  number  of 
layers  of  small  cells  was  due  simply  to  the  close  packing  of  the  cells  which 
had  become  elongated  into  fibres,  and  the  swellings  at  the  points  where  the 
nuclei  lay,  were  located  at  various  heights  so  that  the  fibres  could  accommo- 
date their  positions  to  each  other.  To  this  general  description,  Becker  adds, 
**that  in  the  calf  embryo,  as  in  young  pigs,  he  found  a  broad  zone,  in  which 
the  nuclei  were  smaller,  closer  together,  almost  touching  each  other,  and 
taking  the  ana  line  and  haemotoxylin  stains  with  avidity.  The  nuclei 
which  in  the  center  of  the  anterior  capsule  of  the  ox  are  perfectly  round 
and  have  a  diameter  of  0.0047  mm.,  whereas  the  cells  themselves  have  an 
average  diameter  of  0.0067  mm.,  at  the  Equator  have  a  diameter  of  0.0025 
mm.,  with  a  diameter  of  cell  equal  to  0.0029  mm.  At  the  same  time  the 
nuceli  increase  in  height  from  0.0047  to  0.009  mm.,  and  the  ceUs  elongate 
from  0.0067  to  0.0174  mm.  One  can  easily  understand  that  such  a  change 
in  shape  will  be  very  apparent  where  the  long  axis  of  the  nucleus  is  exactly 


u  Beitrag  zur  der  Strelt  frage  uber  die  Bntstehung  der  Linsen-fasern.  Mul- 
ler's  Arch.,  1851,  p.  202. 

13  Gesamelte  und  Hinter  lassene  Schrlften  herausgegeben  von  Otto  Becker, 
1872.  Bd.  I. 

13  Handbuch  der  Histologie  und  HIstochemi,  2  Auf .,  p.  287. 
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perpendicular  to  the  surface  of  the  capsule.  From  all  that  has  been  said,  it 
seems  to  be  highly  probable,  that  these  peculiar  pictures  stand  in  close  re- 
lation to  the  nuclear  and  cellular  increase,  and  that  the  large  cells  are  to 
be  looked  upon  as  "mother  cells."  Becker  also  coincides  with  Henle'b 
views,  namely,  that  there  are  no  so-called  Formative  Cells  (Von  Becker) 
along  the  Equatorial  Zone. 

When  Henle  (Zur  Anatomic  der  Krystallinse,  1878)  published  his 
Monograph,  he  left  the.  question  as  to  how  the  new  fibres  are  formed  on  the 
surface  of  the  capsule,  an  open  one,  but  since  that  time,  he  has  published 
some  successful  studies  which  have  elucidated  this  subject.  In  a  thesis 
styled  "Zur  Entwickelungsgeschichte  der  Krystallinse  und  zur  Theilung 
des  Zellkems,^^  he  re<-ites  his  obsenations  on  the  larvae  of  Frogs  and 
Tritons,  in  w^hich  he  found  cells  interspersed  between  those  at  rest,  and 
often  at  a  considerable  distance  from  the  place  at  which  the  cells  become 
elongated  into  fibres  undergoing  karyokinetic  changes.  He  states:  "In 
the  lenses  of  these  animals,  as  in  all  other  globular  lenses,  the  epithelium 
extends  beyond  the  Equator  on  to  the  posterior  surface.  Along  the  Equa- 
tor the  cells  still  have  their  polygonal  shape,  as  on  the  anterior  surface; 
then  follow  a  number  of  rows  of  elliptical,  almost  quadrilateral,  cells;  next 
to  these,  as  long  as  the  lens  continues  to  grow,  rows  of  longer  cells,  which 
run  parallel  to  the  fibres,  and  so  arranged  as  to  lap  over  each  other,  like  the 
tiles  on  a  roof.  In  the  polygonal  cells,  which  lie  near  the  region  of  tho 
equator,  one  observes  these  karyokinetic  changes  going  on.  At  times  these 
changes  are  noted  singly,  then  in  numbers;  but  I  could  not  find  that  their 
number  stood  in  any  relation  to  the  age  of  the  larvae.  Neither  are  tho 
cells  nearest  the  Equator  always  the  ones  in  which  the  changes  are  farthest 
advanced.  One  finds  cells  undergoing  division  dispersed  everywhere,  and 
it  is  absolutely  impossible  to  state,  what  it  is  in  the  individual  case,  which 
gives  the  initiative  to  these  changes."  Henle  finally  states  that  he  never 
observed  these  changes  in  a  fully  developed  frog  (without  a  tail  and  with 
feet).  It  was  not  until  after  "indirect  nuclear  division"  had  been  fully 
proven  by  Strassburger  for  the  plant  cell,  by  Fleming  for  the  animal  cell, 
by  Arnold  for  pathological  cells,  that  the  subject  of  how  the  cells  of  the 
lens  capsule  increase,  both  in  the  normal  and  pathological  conditions,  could 
be  definitely  settled.  It  was  then  shown  that  these  nuclear  changes  are 
pretty  evenly  distributed  over  the  entire  surface  of  the  capsule.  They  are, 
however,  only  demonstrable  when  the  specimen  is  hardened  in  Fleming's 
Solution. 

There  were  two  possibilities  as  to  w^here  these  kar}okinotio  changes 
take  place;  either,  as  Muller  thought,  they  occur  near  the  Equator  along 

14  Arch,  fur  Mlkr.  Anat,  Bd.  XX,  p.  418. 
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the  lens  whorl,  or  the  increase  takes  place  all  over  the  anterior  capsule,  thus 
gradually  forcing  all  the  epithelial  cells  toward  the  Equator.  Henle  and 
Becker  believed  in  this  latter  mode  of  increase.  Henle  says:  "Just  as  ac- 
cording to  Ebert,  the  posterior  epithelium  (?)  of  the  coniea  grows  over  the 
surface,  not  as  the  result  of  the  addition  of  cells  at  the  edges,  but  by  the 
interposition  of  new  cells  over  the  entire  surface,  as  the  result  of  karyoki- 
nesis,  the  cells  push  themselves  in  between  the  old  ones." 

The  observations  of  Eberth  and  Leber  are  of  especial  interest,  owing 
to  the  great  importance  which  this  subject  of  the  movements  of  the  epi- 
thelial cells  across  the  surface  of  the  capsule  bears  to  a  proper  explanation 
and  understanding  of  the  pathological  processes.  (Capsular  Cataract,  etc.) 
Eberth  ^  has  shown  that  where  there  is  regeneration  of  the  corneal  epithe- 
lium, this  proliferation  is  not  confined  to  the  edge  of  the  defect, but  occurs  at 
a  considerable  distance  from  this  spot,  and  in  cells  interspersed  between 
those  at  rest.  Leber  ^^  has  shown  that  during  the  healing  of  capsular 
wounds  the  karyokinetic  figures  develop  in  a  zone  which  is  at  a  consider- 
able distance  from  the  defect.  Between  small  cells,  with  small  nuclei, 
others  are  found  which  are  considerably  larger  and  clearer,  showing  all  the 
various  stages  of  karyokinesis.  in  the  embrj'oes  of  calves  and  children, 
Becker  found  these  karyokinetlcr' figures  all  over  the  capsule,  without  a 
special  activity  being  noticeable  in  any  particular  zone.  Such  an  increase 
of  cells  presumes  that  these  new  cells  force  their  way  in  between  those 
already  formed;  the  latter  are  compelled  to  change  their  position,  and  in 
a  centrifugal  direction,  that  is,  from  the  pole  towards  the  Equator.  Thus 
it  has  been  shown  by  direct  observation  that  the  cells  multiply  over  the 
growing  capsule,  and  that  they  change  their  position  over  the  surface  of 
the  capsule,  and  it  is  also  very  probable  that  the  entire  epithelium  in  turn 
replaces  those  cells  which  are  changed  into  lens  fibres. 

THE  CAPSULE  OF  THE  LENS.— It  is  generally  conceded  that  the 
capsule  of  the  lens  grows  during  extra-uterine  life.  According  to  Hitter,^' 
in  the  new  born,  the  capsule  of  the  lens  at  the  anterior  pole  measures  0.013 
mm.  in  the  thickness,  whereas  in  the  adult  it  measures  0.016  mm.,  at 
the  equator,  0.005  to  0.007  mm.,  and  at  the  posterior  pole,  0.0075 
to  0.008.  As  has  already  been  indicated  on  page  2(),  to  Schirmer  (ref- 
erence on  page  26),  who  proved  that  the  ca])sule  of  the  lens  is  an  excre- 
tory product  of  the  epithelium  of  the  lens,  are  we  indebted  for  the  most 


15  Uber  Kern  und  Zellthellung.   Virchow's  Arch.,  LXVII,  p.  523-525. 

16  Zur  pathologie  der  linse  Zeheuders  Kiln  Monats  blatt.  beilag  heft,  p.  33, 
1878. 

17  Anat.  du  cristallln— Wecker  Traite  des  Maladies  des  yeux,  2d  Ed.  II,  p.  3. 
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modern  and  generally  accepted  views  regarding  this  structure.  In  the 
course  of  his  investigations  on  Capsular  Cicaitrices,  Sehirmer  observed  that 
the  new  formed  vitreous  lamella  behind  the  cicatrix  increased  in  thicknea> 
with  the  age  of  the  capsule,  and  to  a  degree  equal  to  that  of  the  surround- 
ing true  capsule.  At  the  same  time  the  everted  edges  of  the  ruptured  cap- 
sule appeared  continuously  to  decrease  in  thickness.  This,  he  concluded, 
must  be  a  physiological  process. 

In  order  to  gain  more  accurate  data  as  to  the  rapidity  of  both  this  increase 
in  thiel{ne8S,  and  the  dliniiiutiou  in  thieliness  of  the  outer  lamellae,  he  measured 
all  tlie  cicatrices  produced  in  his  experiments  on  animals,  also  the  new  lamellae. 
He  estimates  Julia  Sinclair's  (Experimentelle  rntersuehunjren  zur  Oenese  der 
erworbenen  Kapsel  cataract.  Inaug.  Diss  Zurich,  1876)  measurements  as  un- 
doubtedly too  large.  The  anterior  capsule  equals  0.022—0.030;  whereas  his  own 
measurement  of  normal  capsules  of  small  rabbits  at  anterior  pole  equal  0.0075 
—  0.009  mm.,  and  in  a  large  rabbit  Oj  years  old.  equals  0.018  mm.  In  the  fol- 
lowing table  the  relative  thickness  of  capsules  is  taken  as  one,  and  though  some 
slight  errors  may  exist,  the  general  results  can  not  be  entirely  ignored.  They 
show  that  the  thickness  of  the  new  lamellae  steadily  Increases  with  the  age  of 
the  cicatrix,  whereas  the  old  lamellae  steadll.v  grows  thinner.  Further,  the  in- 
crease is  greater  in  the  beginning  than  later  on.  and  similarly,  the  old  lamellae 
diminish  more  rapidly  in  the  beginning  than  later  on. 
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Schirmer  says:  "Either  the  anterior  surface  of  tlie  capsule  undergoes 
a  steady  resorption,  or  it  undergoes  a  steady  shrinkage;  hence,  evers'  cap- 
snlar  lamella  which  is  excreted  within  a  certain  length  of  time,  in  its  turn, 
with  advancing  age,  becomes  thinner."  The  first  supposition  requires  that 
within  a  certain  period  of  time,  a  certain  quantity  of  capsular  substance  .should 
be  restored,  and  in  a  continuous  and  regular  manner,  until  finally  it  in  turn 
entirely  disappears;  but  this  can  not  be  proven.  The  theory  of  shrink- 
age has  in  its  favor  the  fact  that  in  the  beginning  this  is  greater  than  later 
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on,  and  also  that  the  new  is  pf'oduced  more  rapidly  at  the  beginning,  always 
•presupposing  that  the  energy  of  the  epithelium  to  produce  capsular  sub- 
stance remains  the  same/' 

Changes  in  the  physical  properties  accompany  J:he  above  changes, 
as  evidenced  by  the  edges  of  the  injured  capsule  rolling  up  outwardly.  Even 
where  free  movement  is  guaranteed  by  suspension  in  an  indifferent  fluid, 
the  same  eversion  takes  place.  This  same  fact  was  proven  where  fine  sec- 
tions of  fresh  capsule,  obtained  by-  the  freezing  microtome,  were  exposed 
to  the  digestive  i)roces6.  Jn  both  alkaline  and  acid  solutions  the  capsule 
invariably  turned  up  outwardly,  and  it  was  impossible  to  be  mistaken,  the 
epithelium  being  an  accurate  guide.  During  this  process  of  digestion,  he  ob- 
served (under  high  powers  of  the  microscope)  exceedingly  fine  and  closely 
arranged  striations,  running  parallel  to  the  surface,  in  the  beginning  con- 
fined to  the  innermost  portion  of  the  capsule.  Gradually  minute  inter- 
spaces began  to  develop  in  tlwi^ inner  lamella,  due  to  separation  of  the  mi- 
nute lamellae,  and  this  process  gradually  extended  more  anteriorly.  After 
a  time  these  intei*si)aces  grew  so  coai-se  as  to  give  the  impression  of  a  verita- 
ble network,  and  thus  slowly  the  inner  layers  were  digested  before  the  outer 
were  affected  by  the  digestive  power  of  the  trpysin.  Similar  pictures  were 
obtained  by  placing  the  capsule  in  nitric  acid,  and  then  heating  wth  per- 
manganate of  potash  or  lime  water.  This  also  will  explain  the  figures 
which  Robinski  ^^  observed  on  surface  preparations  treated  with  nitric  acd, 
and  which  he  described  as  **L'Capsule  Corpuscles,"  and  as  analogous  to 
those  found  in  the  cornea. 

E.  Berger^®  demonstrated  the  lamellar  construction  *  of  the  lens  cap- 
sule before  this  time  by  a  different  method.  He  satisfied  himself  by  "teas- 
ing'^ the  capsule,  and  by  maceration  in  permanganate  of  potash,  that  the 
torn  edges  are  not  like  straight  lines,  but  zig-zag  or  step-like.  He  observed 
that  we  must  distinguish  at  least  three  lamellae,  although  niany  sections 
led  him  to  believe  that  there  were  more.  Schirmer  states  that  he  got  his 
best  results  after  macerating  for  several  days  in  a  one-tenth  per  cent,  solu- 
tion, or  in  a  ten  per  cent.  XaCl  solution.  He  succeeded  in  this  way  in  dem- 
onstrating at  least  five  lamellae,  and  does  not  coincide  with  Berger's  view 
that  the  outer  lamella  is  a  zonular  lamella.  He  says:  "Certainly  the  zonular 
fibres  are  only  attached  to  the  outer  lamella,  since  they  can  be  followed  for 


18  Untersuchnn^en  uber  die  Augen  linsenknpsel.  BerUner  Klin.  Wochen- 
tcchrift,  1886,  Bd.  No.  12,  p.  71. 

19  Bemerkungen  uber  die  Linsen  Kapsel  Hirschberg's  Centralblatt  fur  Prak. 
Augenh.,  1882.  Beitrage  zur  Anatomie  der  Zonula  Zinni.  Graefe  Arch.,  1882, 
Vol.  XXVIII,  AUh.  2,  p.  28. 
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a  certain  distance  into  the  substance  of  the  capsule;  but  this  is  not  a  rea- 
son for  looking  upon  it  as  something  essentially  different  from  the  other 
lamellae,  and  it  does  not  seem  justifiable  to  attribute  to  it  a  different  struc- 
ture. Even  Becker  ^  states  that  "he  never  succeeded  in  determining  by  a 
striation  the  exact  point  at  which  the  the  zonula  fibres  are  inserted  into 
the  capsule."  ''Hence,  if  we  must  abandon  this  view,  the  other  two  lamellae 
can  demand  no  further  consideration  as  preformed  structures."  Schirmer 
looks  upon  the  maceration  experiments  as  pointing  to  the  same  conclusions 
as  the  digestive  experiments;  namely,  "that  these  delicate  lines  indicate  a 
previous  solution  of  continuity,  or  that  the  epithelium,  as  the  result  of 
some  external  influence,  lias  suffered  a  serious  interference  in  its  excretory 
power,  of  which  these  lines  are  an  expression,  and  that  these  lines  move 
more  anteriorly  the  longer  the  time  since  the  injur}\  Disturbances,  as  per 
example  a  wound,  the  formation  of  a  capsular  cataract  or  a  widespread  de- 
generation of  the  epithelium  in  consequence  of  a  contusion,  lead  to  an  ir- 
regularity in  the  disposition  of  the  excretory  substance,  the  optical  expres- 
sion of  which,  on  cross  section,  is  fine  lines.  The  older  a  lamella  of  cap- 
sular substance  becomes,  the  more  these  irregularities  sink  in  the  back- 
ground, and  the  entire  capsuJar  substance  forms  a  compact  mass,  and  it  is 
only  after  long  reaction  by  the  above  method  that  these  stria tions  are  dis- 
closed. This  explanation  excludes  the  assumption  of  a  chemically  different 
lamellar  cement  substance." 

Schirmer  does  not  attempt  to  give  the  causes  for  these  irregularities 
in  the  life  of  the  epithelium,  but  suggests  that  it  is  a  continuous  process, 
repeating  itself  innumerable  times,  like  the  alteration  of  day  and  night,  or 
sleeping  and  waking.  He  says  he  has  obsened  not  less  than  seventy-five 
lines  in  the  inner  fifth. 

The  capsule  also  has  the  property  of  elai^ticity.  Even  Becker  drew  at- 
tention to  this,  in  cases  of  luxate  lenses,  stating  "where  the  equatorial 
diameter  of  the  lens  is  reduced,  no  folds  appear."  As  the  lens  grows,  the 
capsule,  which  originally  encompassed  a  smaller  space,  increases  in  size  by 
expansion,  and  adapts  itself  to  a  greater  surface.  Even  after  the  lens  has 
attained  its  full  size,  the  individual  capsular  lamellae  as  they  are  pushed 
forward  expand,  since  the  outer  surface  of  the  capsule  is  greater  than  the 
inner.  This  curling  up  outwardly  of  the  capsule  is  an  expression  of  dif- 
ference in  the  elasticity  of  the  various  lamellae. 

The  chemical  conditions  of  the  posterior  capsule  are  similar  to  those 
of  the  anterior. 

Solilrnier  reports  an  interesting  case,  In  which  a  piece  of  tlie  anterior  capsule 
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was  extracted  three  years  before  the  exaniinatioD.  In  this  lens  he  found  a 
wound  of  the  posterior  capsule,  which  the  conditions  present  led  him  to  believe 
was  an  old  one,  dating  back  to  the  time  of  the  operation.  Here  he  found  no 
sign  of  new  formed  posterior  capsule,  nor  had  cicatricial  tissue  formed,  there 
being  no  epithelium  covering  posteriorly. 

At  the  present  day  the  Zonula  of  Zinn  is  generally  conceded  to  con- 
sist of  a  system  of  meridianally  placed  fibres,  which  take  their  origin  in 
the  vitreous  lamellae,  which  cover  the  pars  ciliaris,  the  ciliary  body  and  its 
processes,  as  far  forward  as  to  where  these  latter  go  over  to  form  the  root 
of  the  iris.  The  fibres  are  made  up  of  innumerable,  very  fine  and  exceed- 
ingly delicate  fibrillae,  which  are  interlaced  in  the  most  complex  manner, 
and  it  is  this  intricate  structure  which  forms  the  suspensory  ligament  of 
the  lens.  It  is  no  longer  looked  upon  as  a  membranous  formation,  con- 
sisting of  two  plates  enclosing  "Petit's  Canal;"  hence,  this  latter  has  lost 
its  identity,  and  is  now  looked  upon  as  a  part  of  the  posterior  chamber. 
Henle  ^  believed  that  these  fibres  were  held  together  by  a  cement  substance, 
which  could  not  be  demonstrated  after  death.  But  as  Czermak  has  so 
aptly  remarked,  the  interspaces  between  the  fibres  are  everywhere  much 
wider  than  the  thickness  of  the  fibres,  and  further,  no  sign  of  a  membrane 
has  ever  been  observed  imder  the  microscope;  therefore,  he  considers  thia 
a  network  and  not  a  membrane.  Secondly,  if  the  fibres  were  held  together 
by  a  cement  substance,  does  it  not  seeni  strange  that  it  should  disappear 
so  completely,  especially  since  cement  substances  everywhere  else  in  the 
body  are  acted  upon  entirely  different  by  hardening  fluids;  as,  per  example, 
the  neuralgia  which  becomes  hardened? 

Czermak  (page  28)  has  done  more  to  elucidate  this  subject  than  any 
other  investigator.22  He  describes  the  origin  and  insertion,  in  substance, 
as  follows:  "The  delicate  fibrillae  take  their  origin  in  the  vitreous  lamellae, 
and  run  together  like  pencils  of  rays  to  form  coarser  fibres;  these  in  their 
turn  form  bands,  and  in  their  course,  as  they  proceed  toward  the  capsule  of 
the  lens,  they  give  off  to  and  take  up  fibrillae  from  neighboring  bands,  so 
that  the  bands  do  not  grow  smaller.  The  points  of  origin  and  insertion 
vary.  They  begin  to  develop  posteriorly  about  1.5  mm.  from  the  orra  ser- 
rata,  and  as  they  proceed  forward  they  form  acute  angles,  the  convexity 
of  the  course  facing  anteriorly;  but  before  the  fibres  reach  the  ciliary  body 
they  begin  to  split  up  again,  some  of  the  fibrillae  inserting  themselves  again 
into  the  vitreous  lamellae  of  the  orbieulus  ciliaris;  others  proceed  onward, 
insert  themselves  into  the  vitreous  lamellae  covering  the  ciliary  body;  others 


21  Handbuch  der  Anatomle,  1866. 
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again  go  to  the  ciliary  processes,  while  the  majority  pass  onward  to  the 
capsule  of  the  lens.  At  the  same  time  fihrillae  originate  along  all  these 
respective  parts,  each  in  its  turn  sending  out  fibrillae  to  neighboring  parts 
and  to  the  main  bands,  which  are  on  their  way  to  the  capsule  of  the  lens. 
This  explains  why  it  is  that  on  meridianal  section  one  sees  fibres  crossing 
in  all  directions.    He  has  divided  these  fibrillae  into  three  groups:" 

First.  Those  which  spring  from  the  orbiculus  ciliaris  and  from  the 
ciliary  body  and  extend  to  the  anterior  and  posterior  capsule  of  the  lens, 
the  Orbiculo  and  Cilio  Capsular  Fibres  J' 

''Second.  Those  fibres  which  spring  from  the  orbicularis  ciliaris  and 
again  become  inserted  more  anteriorly;  others  again  which  insert  them- 
selves into  ciliary  processes,  the  Orbiculo  CUiary  Fibres.'' 

''Third.  Those  which  spring  from  the  interspaces  between  the  ciliary 
processes  on  their  way  to  join  others,  and  those  which  extend  from  one 
ciliary  process  to  another,  the  Inter  and  Intra  Ciliary  Fibres.'' 

Hence,  each  of  the  coarser  fibres  contain  fine  processes  from  each  of 
the  other  varieties,  more  especially  of  the  first  two,  whereas  the  forme  i- 
give  off  the  fibrillae  to  neighboring  bundles.  Thus  a  most  intricate  and 
perfect  network  is  formed.  As  the  fibres  approach  the  lens,  they  again 
split  up  into  the  very  finest  fibrillae,  which  are  gradually  lost  as  they  be- 
come merged  in  the  outer  lamellae  of  the  capsule.  A  partial  crossing  of 
fibres  takes  place,  some  of  the  most  anteriorly  situated  giving  off  fibrillae 
which  go  to  the  posterior  surface  of  the  lens,  and  vice  versa.  The  fibres 
have  peculiar  sharp  contours,  are  smooth,  and  appear  like  hyaline  or  glass 
threads." 

Not  alone  do  these  fibres  form  a  suspensory  ligament,  by  means  of 
which  the  lens  is  supported  in  its  proper  position  and  relation  to  neighbor- 
ing parts,  but  owing  to  its  peculiar  construction,  it  exerts  an  equal  degree 
of  tension  in  all  directions.  This  network  of  fibres  is  the  intermediate 
member  which  permits  of  the  proper  increase  or  reduction  of  tension  dur- 
ing the  act  of  accommodation. 

CHAPTER  III. 

THE  PHYSIOLOGICAL  RETROGRESSION  OF  THE  LENS  AND  ITS 

ELEMENTS. 

The  phenomena  and  changes  which  take  place  during  the  physiolog- 
ical retrogression  of  the  lens,  are  not  restricted  to  any  special  period.  Strictly 
speaking,  they  begin  as  early  as  the  third  period  of  foetal  life,  and  undoubt- 
edly can  be  demonstrated  as  soon  as  physiological  growth  begins.  They 
take  place  in  the  cells  as  well  as  in  the  fibres.    They  are  subject  to  the  same 
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laws,  as  are  the  epithelial  cells  of  the  !«kin  and  mucous  membranes,  which 
likewise,  in  intrauterine  life,  lose  their  nuclei,  are  cast  off  and  are  found 
in  the  vernix  caseosa  and  amniotic  fluid.  In  the  lens,  however,  since  the 
capsule  is  a  closed  sac,  the  cells  are  not  cast  off,  but  quite  the  contrary,  the 
young  growing  fibres  press  the  older  ones  toward  the  center.  There  they 
are  subjected  to  various  physical  and  chemical  changes,  which  lead  to  the 
formation  of  a  nucleus  and  the  cortex. 

As  soon  as  the  intelligence  of  the  child  is  sufficiently  developed  to 
permit  of  making  the  proper  experiments,  it  can  be  shown  that  there  is  a 
gradual  decrease  in  the  accommodation,  which  is  a  functional  proof,  that 
a  process  of  hardening  is  going  on  in  the  center  of  the  lens,  which  influ- 
ences the  power  of  the  lens. 

These  changes  in  the  lens  are  of  a  chemical,  physical  and  morpho- 
logical nature. 

The  MORPHOLOGICAL  changes  have  been  the  subject  of  the  most 
exhaustive  studies,  and  have  been  most  beautifuUv  described  in  the  so 
often  quoted  monograph  of  Henle.  His  examinations  have  been  made 
amongst  all  the  various  classes  of  vertebrates.  In  reptiles  and  birds  and 
most  fishes  he  found  that  the  fibres  gradually  diminish  in  width.  In  other 
classes  he  found  that  the  width  of  the  fibres  gradually  diminish  from  with- 
out inward,  but  this  process  does  not  proceed  as  regularly  as  in  birds;  and 
aside  from  this  there  is  frequently  a  reduction  in  the  number  of  fibres,  ow- 
ing to  the  gradual  merging  together  of  entire  rows.  In  his  observations 
on  the  lenses  of  man  and  many  animab,  Henle  observed  ^  that  the  fibres 
could  be  divided  into  three  groups.  "Whereas,  as  a  rule,  the  fibres  dimin- 
ished in  size  towards  the  center,  there  is  pushed  in  between  an  outer  and 
an  inner  layer  of  prismatic  fibres,  a  layer  of  ribbon-like  cells,  so  that  at  some 
distance  from  the  periphery,  the  thickness  of  the  fibres  is  considerably  and 
rapidly  reduced,  and  then  again  as  they  approach  the  center  again  in- 
creased." Henle  looks  upon  this  as  a  constant  condition  found  in  the  len? 
of  man,  and  states  that  "it  is  not  the  result  of  an  irregular  growth,  but 
due  to  subsequent  alteration  in  the  full  grown  fibres."  But  he  gives  no 
reason  for  such  a  regular  condition.  Not  only  the  width  and  thickness  of 
the  fibres  diminish,  but  the  edges  appear  serrated.  If  we  were  to  peel  off 
layer  after  layer  of  an  adult  lens,  until  it  were  reduced  to  foetal  size,  one 
would  expect  to  find  all  the  fibres  resembling  those  which  are  on  the  surface 
of  a  foetal  lens;  this,  however,  is  not  the  case.  Even  in  the  foetal  lens  one 
meets  with  the  same  successive  changes  as  observed  in  the  mature  lens. 

According  to  Henle,  these  seiTated  edges  fit  into  those  of  neighboring 


1  Zur  Anatomie  der  Krystalllne,  p.  39.    Gottlngen,  1878. 
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cells  and  these  sen-e  to  hold  the  individual  layers  together.  He  supposes  that 
these  serrations  are  outgrowths  from  the  fibres.  Becker  suggests  that  this 
is  rather  an  evidence  of  the  death  of  the  cell  corresponding  to  similar 
changes  in  the  cells  of  the  Rete  Malphighi  of  the  skin  and  in  the  corneal 
epithelium,  in  which  the  younger  cells  rarely  or  never  show  any  signs  of 
serration.  This  seems  to  indicate  that  these  serrations  are  due  to  shrink- 
age. It  has  been  proven  that  as  we  proceed  towards  the  centre,  the  cells 
diminish  both  in  width  and  in  thickness,  hence  what  would  appear  more 
natural  than  that  these  serrated  edges  are  the  result  of  shrinkage  of  the 
fibres.i 

DEATH  OF  THE  NUCLEI  OF  THE  LENS  FIBRES.  As 
has  already  been  stated,  as  the  cells  elongate  along  the  equator,  the 
nuclei  also  gradually  change  their  shape  from  the  circular  to  the  elip- 
tical.  They  become  longer  and  flatter,  so  that  it  docs  not  become  necessary 
to  assume  an  increase  in  the  volume  of  the  nuclei.  The  form  and  size  re- 
mains about  the  same  in  all  grown  fibres.  They  all  show  the  karyokinetic 
changes  when  preserved  in  the  proper  fluids.  As  we  proceed  towards  the 
centre,  the  structures  begin  to  fail.  The  chromatic  substance  runs  together 
into  one  or  more  clumps,  until  finally  it  entirely  disappears.  Until  the  fibre 
has  attained  its  full  lengtli  the  nucleus  retains  its  life-like  appearance.  But 
as  soon  as  a  fibre  extends  from  ons  radivs  of  the  star  figure  to  another,  the 
nucleus  begins  to  show  signs  of  dearth.  This  can  be  observed  in  the  lens  of 
the  new-born  infant,  and  is  tnie  of  every  period  of  life. 

THE  PHYSICAL  CHANGES  which  the  individual  fibres  undergo 
with  increasing  age,  consist  of  an  increasing  hardness  and  yellowish  color, 
and  an  increasing  index  of  refraction.  The  hardness  becomes  manifest  by 
the  resistance  offered  to  pressure  when  a  specimen  is  under  the  cover  glass. 
The  yellow  color  becomes  evident  when  a  number  of  lamellae  are  super- 
imposed one  upon  the  other.  All  these  changes  are  due  to  the  giving  up 
of  water,  leading  to  greater  dr}'nes8  and  friability  of  the  inner  layers,  partly 
however,  also  as  a  result  of  chemical  conditions  of  the  older  fibres. 

That  there  is  a  chemical  difference  between  the  inner  and  the  outer 
portions  of  the  lens  seems  to  be  attested  by  a  fact  which,  though  known 
for  a  long  time  and  frequently  discussed,  has  been  variously  accounted  for; 
namely,  that  in  the  lenses  of  all  vertebrates  and  young  animals  which  dur- 
ing life  have  been  perfectly  transparent,  immediately  after  death,  as  soon 
as  the  animal  becomes  cold,  the  inner  portion  of  the  lens  becomes  cloudy. 
Michel  2  drew  attention  to  the  fact  and  showed  that  the  cloudiness  in  the 


2"Uber  naturliche  und  kunstllche  Linseiitnibimgen?"  Festschrift  ziir  Feier 
des  300  Yahrigen  Bestehen  der  JuHus  Maximillus  Universitate  zur  Wurzbiirg. 
1882. 
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centre  of  the  lens  of  cats,  pigs,  and  calves  would  disappear  again  if  they 
were  wanned  up  to  15  to  20  degrees  C.  This  could  be  repeated  as  often 
as  desired,  ana  each  time  the  lens  would  clear  up  again.  This  cloudiness 
is  produced  by  the  presence  of  innumerable  roundish,  highly  refracting 
droplets  in  the  central  portions  of  the  lens,  and  is  not  in  any  way  con- 
nected with  the  decomposition  of  the  contents  of  the  lens,  such  as  is  pro- 
duced by  freezing  (I.  c,  p.  62).  In  these  experiments  there  can  not  ari^ 
any  question  as  to  the  separation  of  the  water  from  the  albumin.  These 
droplets  become  less  numerous  as  we  go  from  within  outward.  Treated  with 
alcohol  and  ether,  their  number  becomes  less,  and  they  are  reduced  in  size. 
Hence  it  appears  that  they  must  consist  of  ^  fatty  substance,  which  has  a 
very  low  melting  point,  though  it  is  impossible  to  state  anything  more  def- 
inite at  this  time.  The  interest  which  the  appearance  o£  these  bodies  at  h 
low  temperature  arouses  is  due  less  to  their  presence  than  to  the  fact  that 
they  occur  in  the  inner  lamallae  of  the  lens,  that  their  number  varies  in 
different  species  of  animals,  and  that  their  deposit  ceases  a  few  months  after 
birth.  From  this  it  follows  that  in  the  chemical  formation  of  the  lens, 
especially  in  the  older  layers  of  the  same,  very  pronounced  changes  take 
place.  Since,  according  to  Kuhne  and  Laptschinsky,  the  amount  of  fat  is 
greater  in  the  old  than  in  the  young,  hence  it  can  not  be  due  to  a  quanti- 
tive  but  rather  to  a  qualitative  change. 

Various  authorities  have  drawn  attention  to  the  fact,  that  the.^e  de- 
scribed changes  in  the  lens  keep  pace  ^dth  the  physical  and  morphological 
changes  which  take  place  from  the  center  toward  peripher}'.  Some  of  the 
peculiarities  of  the  peripheric  lamellae  are  in  accord  with  this.  From  year 
to  year  the  nuclei  in  the  nuclear  zone  become  less  numerous;  the  nuclear 
zone  comes  less  near  to  the  axis,  its  curvature  grows  less;  in  other  words, 
the  number  of  smooth,  non-changed  lens  fibres  which  reach  to  the 
lens  star,  grows  less  year  after  year. 

Tn  the  capsiilar  epithelium  the  changes  due  to  the  age  are 
less  marked.  Innumerable  measurements  have  shown  that  the  diam- 
eter of  the  base  of  the  epithelial  cells  remains  almost  the  same 
during  life,  at  least  as  long  as  they  retain  their  shape."  Not  so, 
however,  with  the  height  of  the  cells.  Beginning  at  a  point  corresponding 
to  the  pole,  the  base  of  the  cell  gradually  grows  less,  whereas  at  the  begin- 
ning of  the  whorl  the  cell  is  about  three  times  as  high  as  it  is  wide.  In 
course  of  time  the  height  of  the  cell  at  the  pole,  as  well  as  along  the  equa- 
torial region,  gradually  diminishes,  and  sections  taken  from  very  old  people 
show  the  height  of  the  .cell  to  be  that  of  the  nucleus,  whereas  the  protoplasm 
between  the  nuclei  is  shnmken  to  an  almost  immeasurable  thickness.    In 
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some  sections  some  of  the  nuclei  are  found  wanting  and  some  cells  are  en- 
tirely wanting.  Nothing  could  be  more  wonderful  than  the  regularity  with 
which  the  perfectly  circular,  0.005  mm.  in  diameter  nuclei  are  found  in  the 
epithelium  dispersed  over  the  capsule  of  young  lenses. 

ExaminatioDfl  of  unstalued  Rpeeimens  8how  beautifully  the  uuclear  figures 
at  rest;  whereas  stained  with  Haemotoxylin  and  EoHin,  these  figures  siiow  less 
distinctly:  with  Aluiu  Carmlti  they  are  somewhat  more  distinct.  The  outlines 
of  the  cells  are  likewise  more  distinct  in  the  unstained  sections.  The  proto- 
plasmic bodies  touch  and  limit  each  other,  as  most  exact  hexagonal  figures. 
In  some  exceptional  cases  the  contours  of  the  cell  bodies  take  the  stain  as  do 
the  nuclei,  reminding  one  of  Arnold's  ''indlgo-carmin  ledges."  When  the  stain- 
ing Is  done  rapidly  with  a  concentrated  Haemotoxylin  solution,  some  of  the 
nuclei  take  on  a  darker,  more  pronounced  stain  than  others.  These  always 
are  a  measureable  trifle  longer  than  the  paler  nuclei,  or  they  show  a  tendency 
to  form  star  figures.  P^requently  the  nuclei,  in  the  vicinity  of  one  of  these 
darker  cells,  form  a  circle  around  it,  or  the  dark  nucleus  appears  as  the  head 
of  a  spiral  which  Is  formed  on  succeeding  10-15  nuclei.  As  a  result  of  this  ar- 
rangement the  surface  of  the  capsule  covered  with  the  epithelium  assumes  a 
perfectly  regular,  almost  life-like  appearance.  It  is  more  than  probable  that 
these  nuclei.  ,3*Wcii  take  the  stain  more  deeply,  were  just  about  to  unilergo 
nuclear  division  at  the  time  the  sections  were  placed  in  Muller's  fiuid. 

As  we  approach  the  equator  the  nuclei  grow  smaller,  are  packed  closer  to- 
gether, take  the  stain  more  deeply  than  the  surface  preparations.  In  older  in- 
dividuals nearing  the  fortieth  year,  the  picture  changes.  In  so  far  that  the 
deeply  stained  cells  grow  less  in  number,  as  do  also  these  peculiar  circles  and 
spiral  figures.  From  now  on  the  distinctly  stained  nuclei  and  cells  grow  less 
and  less,  but  never  entirely  disappear.  In  extreme  old  age  it  often  happens 
that  on  pieces  of  capsule  the  epithelium  is  found  wanting  for  certain  distances; 
here  undoubtedly  either  the  epithelium  remained  adherent  to  the  lens  or  dropped 
off  during  the  manipulations  incident  to  staining,  dehydrating,  etc.  Where  cap- 
sules hardened  in  Muller's  fiuid  are  shaken  In  water,  whole  sections  of  capsular 
epithelium  may  be  detached,  and  here  frequently  the  capsule  shows  the  Im- 
pressions where  the  cells  were  adherent.  This  Is  due  probably  to  the  cement 
substance  of  the  epithelial  cells.  Deutschinan's  sul)cn])ulnr  layer,  whlcli  has  re- 
mained adh^ent  to  the  capsule. 

Again,  here  and  there,  cells  are  found  wanting  or  changed  Into  Vesicular 
Cells.  At  times  they  form  veritable  nests.  It  is  remarkable  how  little  coloring 
matter  Is  taken  up  by  the  nuclei  of  the  cells  and  by  the  capsule,  irrespective  of 
age.  Nevertheless,  the  nuclei  take  up  the  stain  in  a  more  regular  manner  than 
do  these  distended  cells.  If  these  latter  are  to  he  looked  upon  as  dying  or  dead 
cells,  then  we  must  accept  a  second  variety  of  death  of  the  nucleus.  In  other 
sections,  at  times  one  finds  large  numbers  of  nuclei  just  alwut  to  die.  just  as 
noted  in  the  lens  fibres.     Again,  one  notes  <-ells  of  the  capsular  ei)ithelium 
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which  are  still  perfect  in  contour,  showing  nuclei  greatly  reduced  in  volume, 
and  which  take  the  stain  deeply,  as  noted  in  fibres  in  whicli  the  nuclei  are  just 
about  to  disappear. 

CHAPTER  IV. 

THE  PHYSIOLOGY  OF  THE  LENS  SYSTOI. 

THE  MlVNXER  of  ITS  XOUBISHMEXT  IN  HEALTH  AND 

DISEASE. 

THE  DIRECTION  AND  COURSE  OF  THE  NUTRITIVE 
STREAM  IN  THE  LENS.  Tlie  lens  is  enclosed  in  a  structure- 
less membrane,  which  under  normal  eonditionp,  is  not  permeable 
to  formed,  elements.  Until  near  the  close  of  embr\'onal  life,  a  vas- 
cular membrane  is  closely  applied  to  this  structureless  capsule.  Be- 
3'ond  a  doubt,  the  vessels  of  this  membrane  serve,  during  the  developmental 
period,  to  supply  the  nutritive  material  to  this  hyperplasia  and  increasinr,^ 
growth  of  the  cells  and  the  fibres  within  this  capsule.  After  the  degenera- 
tion of  this  vascular  capsule,  we  are  confronted  by  the  peculiar  condition, 
namely,  that  the  lens  is  only  indirectly,  by  means  of  the  zonula  fibres,  held 
in  connection  with  the  firm  portions  of  the  eye.  And,  further,  since  the 
zonula  fibres  contain  neither  nerves,  blood  vessels  nor  lymph-channels,  tho 
lens  must  receive  its  nutritive  supply  either  from  the  aqueous  or  vitreous, 
possibly  from  both.  These  media  likewise  possess  neither  nerves  nor  blood 
vessels.  It  is  just  possible  that  the  iris  stands  in  relation  to  this  interchange 
of  fluids,  since  the  pupillary  edge  is  merely  separated  from  the  anterior 
capsule  by  a  capillary  layer  of  fluid. 

Such  being  the  conditions,  the  question  to  be  determined  was,  along 
which  lines  does  the  nutritive  fluid  gain  entrance  to  the  lens?  In  his 
Pathologic  and  Therapie,  p.  257,  Becker  expressed  his  belief  that  "the 
nutritive  stream  gained  entrance  in  the  equatorial  region,  between  the  two 
leaves  of  the  zonula,  because  probably  along  this  line,  under  normal  circum- 
stances, the  new  formation  of  cells  and  positively  the  growth  of  fibres 
^'progressed  most  actively."  Deutschman^  investigated  this  subject  more 
closely.  He  gave  a  rabbit  one  gnu.  of  pot.  iodide  in  solution  and  three 
hours  later  killed  the  rabbit.  The  lens,  enclosed  in  its  capsule,  was  placed 
in  a  palladium-chloride  solution  and  was  proven  to  be  impregnated  with  the 
pot.  iodide  and  most  intensely  along  the  sub-capsular  albuminous  layer 
of  the  posterior  capsule,  as  well  as  along  its  entire  equator,  to  a  less  degree 

1  Cataracts  Senilis,  187S).     Oraefe  Arch..  Bd.  XXV,  2,  p.  212. 
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the  sub-eapsular  layer  under  the  anterior  capsule,  but  disclosed  no  sign  of 
impregnation  in  the  nucleus  or  anterior  corticalis.  Here  should  be  inci- 
dentally mentioned  that  he^  also  observed  that  if  he  opened  the  lymph 
sac  in  salt-water  frogs  and  in  this  lymph  sac  placed  cr}'stal3  of  chlor 
natrium,  the  cataract  which  resulted  was  due  to  the  extraction  of  water. 
Hence  Deutschman  considered  it  as  very  probable  that  the  nutritive  stream 
entered  along  Petit^s  Canal.  Ulrich^  arrived  at  the  same  conclusion  as 
tlie  result  of  the  following  experiments.  He  injected  ferro-cyanide  of 
potash  sub-cutaneously  and  subsequently  placed  the  eyes  in  a  solution  of 
chloride  of  iron  alcohol.  He  states:  "The  line  along  w^hich  the  ferro- 
cyanide  of  potash  gained  entrance  to  the  lens  could  only  be  detected  by  the 
stain  along  the  line  of  the  equator;  the  posterior  capsule  of  the  lens  re- 
mained unstained.  The  experiments  which  Schoeler  and  Uhthoff  mada 
according  to  Ehrlich's  methods*  by  using  fluorescin,  led  them  to  even  a 
more  advanced  conclusion,  stating,  "Under  physiological  conditions  (by 
sub-cutaneous  injection)  the  fluid  reached  the  equator  of  the  lem?,  ex- 
clusively through  Petit's  Canal.  Never,  however,  does  the  fluid 
go  directly  through  the  vitreous  to  the  lens.  Further,  the  colored  fluiil 
which  has  once  been  taken  up  by  the  lens  is  never  given  off  again  through 
the  vitreous." 

Samelsohn  came  to  a  positive  opinion  as  to  the  line  along  which  the 
interchange  of  tissue  fluids  occurs,  by  observing  the  changes  which  took 
place  in  three  lenses,  in  each  of  which  a  minute  spicule  of  iron  had  became 
impacted  in  the  lens.  In  all  of  these  he  observed  that  the  particles  of  rust 
always  changed  their  position  in  the  same  manner.  Tn  summing  up  his 
conclusions,  he  states,^  "It  appears  that  the  principal  direction  of  fluids  is 
directed  from  behind  forward  and  on  reaching  Petit's  Canal  becomes 
'dammed  up'  (Ulrich)  along  this  line;  it  also  gains  entrance  to  the  lens 
along  the  line  of  the  equator.  From  here  on  it  traversci*  the  entire  lens 
centripetally  and  comes  together  again  at  the  anterior  pole;  from  here 
it  again  goes  out  centrifugally  toward  the  insertion  of  the  Zonula  fibres, 
where  it  leaves  the  lens  and  enters  the  posterior  chamber." 

Along  the  line  where  the  nutritive  fluid  is  supposed  to  leave  the  lens,' 
Samelsohn  assumes  the  presence  of  special  pores  in  the  capsule,  which  offer 


2  Deutschman— T'ntersuchungen   zur   Pathogenese   der   Cataract.     Arcli.    f. 
Ophthal.,  Bd.  XXIII,  p.  117. 

3  Uber  die  Ernahrung  des  Auges  Graefe's  Arch.,  Bd.  XXVI,  3,  p.  33-82. 

4  Das  Fluorescin  in  seiner  Bedeutiing  fur  den  Fliissiglieltswechsel  des  Auges. 
Yahresber  der  Scholerlsclien  Augen  Kliuilc,  1881. 

f>  Zur  FluRsig-lceltsstronning  in  der  LInse.    Zelieiulers  Monatsbl.,  Bd.  XIX. 
p.  282. 
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the  least  possible  hindrance  to  the  escape  of  the  used  fluid  which,  how- 
ever, are  not  sufficiently  wide  to  permit  the  passage  of  formed  elements. 
The  pores  are  the  same  as  those  which  Moraiio  ^  believes  he  saw,  but  which 
no  one  else  up  to  the  present  time  has  seen. 

Uhlrich's  (*'Stauung9  theorie'')  "damming  back"  theory,^  on  which 
Samelsolm  bases  his  statements,  reads  as  follows:  "The  most  intense  blue 
color  of  the  vitreous  (and  in  fact,  the  most  intense  in  the  entire  globe  which 
can  be  attained  by  the  use  of  sub-cutaneous  injections  of  ferrocyanide  ot 
potash)  develops  in  the  region  of  the  equator  of  the  lens.  The  filtration  of 
tissue  fluid  out  of  the  vitreous  proceeds  from  the  vitreous  border  into 
Petit's  Canal  and  on  reaching  its  anterior  wall  it  again  meets  with  a  de- 
taining filter,  the  free  portion  of  the  Zonula  of  Zinn,  which  likewise  shows 
a  blue  discoloration.  As  a  natural  result  of  the  placing  of  two  parallel 
filters  in  the  region  of  the  equator  of  the  lens,  there  must  naturally  follow 
a  damming  back  of  the  streams  of  fluid.  This  detention  is  more  favorable 
to  the  nutrition  of  the  lens,  since  it  takes  place  at  the  equator,  where  the 
space  is  very  limited,  and,  further,  since  the  iris,  which  will  receive  further 
consideration  later  on,  acts  as  a  third  parallel  filter."  Without  going  any 
further  into  Uhlrich's  views  concerning  the  individuality  of  the  posterior 
chamber  as  compared  with  the  anterior,  and  his  views  concerning  the 
passage  of  fluid  through  the  iris  from  behind,  forward,  it  is  nevertheless 
proper  to  refer  to  the  investigations  of  Deutschraan,^  in  which  he  states 
"that  in  a  certain  sense,  or  under  certain  conditions,  the  iris  acts  as  a  pro- 
tective organ  to  the  periphery  of  the  anterior  surface  of  the  lens." 

In  all  that  has  so  far  been  stated,  attention  has  only  been  drawn  to  those 
experiments  In  which  coloring  matter  was  given  the  animal,  either  per  os  or 
subcutaneously.  Only  these  seem  to  possess  demonstratable  proof.  But  this 
is  not  the  only  reason  9  why  Knies'  investigations  have  not  been  cited  before 
this.  In  his  critical  studies  relative  to  the  Nutrition  of  the  Eye  lO  he  arrives  at 
anatomical  conclusions,  with  which  Becker  does  not  agree.  Knies  states  ^page 
340*):  A  form  of  cataract  which  begins  in  the  Equator  shows  to  us  as  a  neces- 
sity that  there  is  an  affectation  of  a  portion  of  the  Uveal  tract,  which  is  situ- 
ated anteriorly  to  the  Orra  Serrata  and  posterior  to  the  anterior  lamellae  of  the 
Zonula  of  Zinn,  namely,  of  the  pars  clliaris  choroldeae  and  the  processes  ciilarea^ 


6Iuterno  agli  stomi  dell  end  otiialio  della  capsula  del  cristallino  Atti  dell 
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This  Is  true  of  the  ordinary  senile  cataract,  and  at  the  bottom  of  page  341  he 
says:  **Liet  us  consider  the  lens  and  ciliary  processes  as  far  as  the  nutrition 
physiologically  is  concerned  as  a  single  organ,  etc."  These  ciliary  processes, 
however,  are  external  and  anterior  to  the  Zonula  Zinii,  and  the  latter  is  be- 
tween the  ciliary  processes  and  the  equator  of  the  lens,  which  even  Knies 
concedes  to  be  the  line  of  entrance  for  the  nutritive  stream  of  the  lens.  The 
ciliary  processes  form  the  secretory  organ  for  the  aqueous  humor,  and,  as  it 
appears,  liave  nothing  whatever  to  do  with  the  nutrition  of  the  lens,  or  at  most 
only  secondarily. 

Beclcer,  in  his  essay  on  the  nuclear  zone  of  the  lens,  drew  attention  to  a 
heretofore  not  mentioned  condition  of  the  lens  capsule  of  youthful  individuals, 
which  he  tries  to  bring  in  connection  with  the  entrance  of  nutritive  fluid.  He 
states:  "The  capsule  is  materially  thiclcened  at  a  particular  point  which  lies 
posterior  to  the  Equator."  I  have  formerly  observed  a  similar  thickening  of 
the  capsule  in  secondary  cataracts,  which  I  also  attributed  to  tM9. swelling,  and 
which  I  have  attempted  to  bring  in  connection  with  the  rapid  increase  in  the 
size  of  the  cells  during  the  formation  of  the  Crystalline  Pearl.  This  would  seem 
to  indicate  that  the  abnormal  conditions  which  had  resulted  from  an  operation 
had  caused  an  especially  active  nutritive  stream  to  pass  through  the  capsule, 
and  thus  cause  the  capsule  to  swell  up.  It  is  possible  that  analogous  changes 
could  occur  in  uninjured,  rapidly-growing  lenses,  but  as  to  whether  this  change 
'  takes  place  during  life  must  remain  an  unanswered  question.  Assuming  this 
to  be  a  post  mortem  swelling,  occurring  after  tHe  specimen  has  been  placed  in 
hardening  fluid,  this  observation  would  not  be  without  interest,  since  one  is 
justified  in  concluding  that  a  different  condition  existed  in  the  capsule  at  this 
point,  even  during  life.  **ThIfi  i)oIut  of  thickening,"  he  states  with  great  cer- 
tainty, "Is  posterior  to  the  posterior  limit  of  Petit's  canal."  How  long  after  birth 
this  peculiarity  of  the  capsule  of  the  lens  persists,  and  whether  it  is  in  any 
way  connected  with  the  retrogressive  formations  of  the  vascular  capsules  of 
the  lens,  I  can  not  state,  owing  to  lack  of  available  material.  It  was  still  per- 
ceptible in  the  capsule  of  a  seven-weeks'  old  child. 

Even  in  fully  developed  cataracts  one  may  demonstrate  the  existence 
of  a  nutritive  stream.  This  was  proven  long  ago  by  the  beautiful  experi- 
ments of  Bence  Jones  ^^.  In  a  number  of  experiments  on  animals  to  whom 
a  large  variety  of  substances  were  given  via  the  digestive  tract  and  by  sub- 
cutaneous injection,  at  a  later  date  he  demonstrated  beyond  a  doubt  their 
presence  in  the  lens.  Likewise,  in  a  number  of  experiments  on  human 
beings  and  animals,  which  were  given  carbonate  of  lithia,  in  a  few  minutes 
this  could  be  found  in  every  part  of  the  body,  but  it  required  thirty  to 
thirty-two  minutes  before  it  appeared  in  the  lens.     Cataract  patients  to 

11  Proceedings  of  the  Royal  Institute  of  Great  Britain,  Vol.  IV,  Part  VI, 
No.  42,  October. 
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whom  20  grammes  of  lithia  was  given  in  water,  and  who  were  later  operated 
on  by  Bowman  and  Critchett,  the  lithia  was  found  in  every  part  of  the 
lens,  when  the  extraction  was  done  two  and  a  half  to  three  hours  after  the 
ingestion  of  the  lithia  water.  After  four  days  lithia  was  still  found  in  all 
parts  of  the  lens;  after  five  days  it  began  gradually  to  disappear,  and  after 
seven  days  it  was  scarcely  possible  to  demonstrate  a  trace  of  lithia  in  the 
extracted  lens. 

The  attempt  has  been  made  to  prove  by  this  and  a  few  negative  experi- 
ments, that  the  interchange  of  nutritive  fluid  is  an  exceedingly  slow  one. 
TJlrich  has,  as  it  appears  with  perfect  right,  drawn  attention  to  the  fact 
that  this  conclusion  is  not  justifiable,  if  one  will  only  stop  to  compare  the 
nutritive  conditions  of  the  non- vascular  lens  with  other  vascular  tissues. 

Schlosser^^  looked  upon  the  spindle-shaped  interspaces  around  the 
nucleus  of  the  lens  as  a  veritable  system  of  lymph  channels.  His  investiga- 
tions were  all  made  where  pathological  conditions  were  present,  and,  as  we 
shall  see  further  on,  these  splits  are  a  pathological  production  and  therefore 
invalidate  his  conclusions.  He  states,  "In  the  normal  lens  these  peri 
nuclear  spaces  are  few  and  very  narrow,  whereas  in  cataractous  lenses  they 
are  widely  dilated."  ''The  spaces,"  he  says,"  follow  the  direction  of  the 
fibres."  He  bases  his  conclusion  on  the  above-quoted  views  of  Samelsohn, 
stating  "that  the  nutritive  stream  enters  the  lens  along  the  equator,  thence 
proceeds  to  the  center  of  the  posterior  cortical  substance  and  to  the  posterior 
star  figure  and  reaching  the  peri-nuclear  canals,  flow  toward  the  anterior 
star  figure,  finally  converging  toward  a  circular  area  beneath  the  anterior 
capsule,"  which  he  considers  the  line  of  exit. 

At  the  time  the  !N^aphthalin  experiments  were  first  practiced, 
it  was  hoped  that  they,  by  the  pathological  processes  which  followed  in  the 
lens,  would  shed  some  light  on  this  still  interesting  question,  but  this  hope 
has  not  been  realized.  A  large  number  of  investigations  were  made  by 
Bouchard  and  Cliarrin}^  Punnas}^  Dor,^*  C.  Hess,^*^  Magnus,^^^  Kol- 
linski}^  and  Prof.  Hugo  Magnus.^^    The  last  named  concluded  that  the 
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nutrition  of  the  lens  could  be  interfered  with  as  the  result  of  interference 
with  the  circulation  of  nutritive  fluids  in  the  lens  or  by  changes  in  the 
chemical  condition  of  the  nutritive  fluids  of  the  lens.  lie  concludes  "(1) 
that  the  nutritive  processes  go  on  more  actively  and  in  a  more  complete 
manner  in  the  posterior  half  of  the  lens.  (2)  A  zone  posterior  to  the 
equator  and  running  parallel  to  this,  appears  to  take  up  a  greater  nutritive 
stream.  (3)  A  zone  anterior  to  the  equator  of  the  lens  and  running  parallel 
to  this  also  appears  to  take  up  nutritive  fluid,  but  to  a  less  degree.  (4)  The 
posterior  pole  likewise  takes  up  a  nutritive  stream,  \vhich  is  still  less  than 
the  two  just  mentioned.  (5)  Nutritive  fluid  does  not  appear  to  be  taken  up 
at  the  anterior  pole.  (6)  The  equator  of  the  lens  itself  does  not  take  up  a 
separate  nutritive  !*lream,  but  is  dependent  on  the  two  zones  anterior  and 
posterior  and  removed  from  it.  (7)  The  manner  in  which  the  nutritive 
fluids  escape  from  the  lens  is  still  unknown." 

THE  PHYSICxVL  C1IAXGP:S  which  the  lens  undergoes  as  the  indi- 
vidual advances  in  age,  and  under  pathological  conditions,  affects  its 
volume  and  weight,  its  hardness  and  dryness,  its  cohrlessness,  its  iranspa- 
renaj,  and  its  index  of  refraction. 

The  gradual  increase  in  weight  and  volume  is  a  necessary  result,  due  to 
the  continuous  fonnation  of  new  fibres  at  the  equator,  which,  under  normal 
circumstances,  is  scarcely  ever  interrupted,  even  up  to  advanced  age.  This 
is  beautifully  illustrated  in  Priestly  Smith's  table  on  page  31.  The  excep- 
tion to  this  rule  he  found  in  lenses  which  began  to  show  even  slight  cata- 
ractous  cloudiness.  Having  weighed  these  with  especial  care,  he  found 
that  at  the  beginning  of  the  process  the  cataractous  lenses  had  a  reduced 
volume  (and  wxnglit)  as  compared  with  non-cataractous  lenses  of  the  same 
age.  Therefore,  we  are  indebted  to  Priestly  Smith  for  the  valuable  knowl- 
edge relative  to  the  study  of  the  cataract,  namely,  that  a  reduction  of 
volume  precedes  the  formation  of  cataract. 

Owing  to  the  giving  off  of  water  from  its  innermost  lamellae,  and 
which  process  gradually  progresses  toward  the  periphery,  the  lens  becomes 
dryer  and  harder  from  within  outward.  Nucleus  and  cortex  are  prin- 
cipally differentiated  by  this  difference  in  hardness. 

Loss  of  colorlessness  accompanies  the  above  changes.  As  early  as  the 
twentieth  year,  the  yellowish  tinge  begins  to  manifest  itself.  This  change 
continues  gradually  to  increase  as  long  as  tlie  lens  remains  transparent,  but 
this  progress  is  not  always  an  equally  progressive  one.  We  must  either 
assume  that  this  discoloration  is  not  of  the  same  intensity  in  all  cases,  or 
that  the  chemical  changes  are  of  a  different  character  in  different  indi- 
viduals. Whereas,  at  times  we  meet  with  very  aged  individuals  whose 
lenses  show  but  a  very  slight  yellowish  discoloration,  we,  on  the  other  hand, 
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meet  with  the  so-called  Cataract  Nigra,  in  which  tlie  color  of  the  lens  is  so 
dark  and  its  transparency  so  far  impaired,  that  vision  is  reduced  to  the 
greatest  degree,  so  that  one  is  forced  to  remove  this  non-cataradous  lem 
by  operative  procedure.. 

It  would  scarcely  seem  necessary  to  state,  that  during  the  formation  of 
cataract  the  transparency  of  the  lens  is  greatly  interfered  with.  Every 
opacity  of  the  lens  system  is  called  a  Grey  Cataract,  In  Senile  Cata- 
ract, the  initial  opacities  are  due  to  cheiAical  changes  in  the  stagment  fluids 
which  occupies  the  interspaces;  the  fibres  secondarily  become  cloudy 
dne  to  chemical  decomposition  and  the  mechanical  disintegration.  In  the 
soft  cataracts  of  the  young  and  in  most  consecutive  cataracts,  we  find  that 
after  Ihe  taking  up  of  aqueous  inside  of  the  capsule,  the  first  opacities  in  the 
lens  fibres  are  due  to  the  formation  of  vacuoles. 

The  hyperplasia  of  capsular  epithelium  is  perfectly  transparent  in  the 
beginning  (Knies).  It  is  only  later  on,  after  the  structure  becomes  organ- 
ized, that  it  loses  its  transparency.  In  all  probability  the  large  vesicular 
cells  (yet  to  be  considered)  occur  in  transparent  lenses.  They  only  lead  to 
opacities,  when  they  undergo  hyaline  (or  colloid)  degeneration,  which  does 
occur  very  soon. 

According  to  all  former  assumption,  the  change  in  the  index  of  re- 
fraction of  the  lens  was  explained  in  the  following  manner:  As  age  advanced, 
instead  of  there  being  a  steady  increase,  from  periphery  to  centre,  there  is 
a  gradual  decrease,  and  the  lens  is  gradually  merged  into  a  homogenous 
body  having  the  index  of  refraction  of  the  nucleus.  After  Helmholtz  had 
shown  that  a  homogenous  transparent  body  having  the  form  of  the  crystal- 
line body  and  possessing  the  index  of  refraction  of  its  nucleus  (hence  the 
very  greatest  which  the  normal  lens  possesses)  will  have  a  much  smaller 
total  index  of  refraction  than  the  combination  of  the  .various  lamellae  of 
the  youthful  lenses,  each  of  which  possesses  a  different  index  of  refraction, 
the  attempt  was  made  ^*  to  explain  the  gradual  transition  of  the  emmetropic 
eye  to  the  hypermetropic,  as  age  advances,  as  due  to  the  gradual  transition 
of  the  lens  into  a  more  homogenous  body.  But  Becker  states  that  he  has 
not  been  able  to  find  an  experimental  demonstration  of  the  fact  that  the 
difference  in  the  index  of  refraction  of  the  individual  lamellae  of  the  lens 
is  less.  Priestly  Smith  ^'^  gives  a  different  explanation  of  this  reduction  of  re- 
fraction in  the  aged.  He  states:  "The  continuous  growth  of  the  lens  suf- 
ficed to  explain  the  acquired  hypermetropia  of  old  age,  without  assuming 
that  the  lens  changed  its  form. 
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This  subject  has  recently  been  investigated  by  L.  Heine.*  He  used 
the  eyes  of  human  corpses,  in  which  the  refractive  conditions  were  deter- 
mined by  skiasopy  before  death.  Subsequently,  he  found  that  the  radius 
of  curvature  of  the  anterior  surface  of  the  lens  had  not  changed;  but,  on 
severing  all  the  zonular  fibres,  the  radius  of  curvature  at  the  anterior  pole 
was  increased  to  such  a  degree,  that  the  radius  in  the  latter  condition  was 
to  the  former  as  6  to  10.  Similar  experiments  in  old  people  did  not  show 
an  increase  in  the  radius  of  curvature.  In  the  eye  of  a  corpse  the  radius  of 
curvature  at  the  anterior  pole  of  the  lens  is  13  to  14  mm.,  whereas,  after 
severing  all  the  zonular  fibres,  the  radius  is  reduced  to  8-10  mm. 

In  determining  the  index  of  refraction  of  the  lens,  an  Abbe's  refracto- 
metre  was  used;  and  the  estimates  were  based  on  Matthiessen's  ^*  general 
formula,  that  the  total  index  of  refraction  of  a  lens,  consisting  of  equally 
centric  lamellae,  is  as  much  greater  than  the  index  of  the  centre  of  its 
nucleus,  as  the  difference  between  the  latter  and  the  index  of  its  cortical 
substance.  In  other  words,  the  total  index  of  refraction  is  obtained  by  find- 
ing the  index  of  the  substance  at  the  anterior  pole;  also  of  the  nucleus;  and 
adding  the  difference  between  the  tw^o  to  that  of  the  nucleus.  The  index 
of  refraction  found  in  the  lens  held  tense  by  zonula  fibres  was  looked  upon 
as  the  non-accommodating  lens;  whereas,  with  all  fibres  cut,  this  was  con- 
sidered as  the  accommodating  lens. 

The  index  of  refraction  of  substance  obtained  at  anterior  pole 1.390—1.395 

Tlie  index  of  refraction  of  isolated  accommodating  lens 1.380—1.385 

The  Index  of  nucleus 1.408—1.410 

Estimated  from  these  figures: 
The  index  of  refraction  of  entire  lens  during  act  of  accommodation.  .1.435—1.440 
The  index  of  refraction  of  entire  lens  at  rest 1.425—1.4.30 

As  long  as  the  zonula  is  held  tense,  an  albuminous  body  is  found  at 
the  anterior  pole  of  the  lens,  which  has  a  lower  index  of  refraction.  This 
produces  an  increase  in  the  total  index  of  refraction.  As  a  result,  during 
the  act  of  accommodation,  the  refractive  condition  is  in  part  covered 
(1-2  D).  The  change  in  the  contour  of  the  lens  is,  nevertheless,  the  main 
factor  in  producing  an  altered  refractive  condition. 

It  was  noted  that  the  older  the  individual,  the  liigher  the  index  of  re- 
fraction at  the  anterior  pole — the  values  gradually  increa.<ing  from  1.395 
to  1.405.     The  index  of  the  nucleus  likewise  increases,  but  not  to  such  a 


aBeitrage  zur  Physiologic  imd  Pathologic  der  Linse.  Graefe  Arch.,  Vol. 
XLVI,  Part  3,  p.  525.    1898. 

18  Zehender,  Matthiesen  and  Jacobson.  Uber  die  Brechungscoeflacient  Kat- 
aractoser  Linsen  substanz.  Zehender'a  Klin.  Monatsbl.,  Bd.  XV,  p.  237-311.  Ze- 
hender's  Klin  Monalsblatter,  Bd.  XVII,  p.  307. 
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degree,  (at  most,  0.005).  Therefore,  the  total  index  of  the  senile  lens  is 
much  less  than  in  the  youthful  lens.  The  values  of  senile  lens  range 
from  1.415  to  1.425 — ^and  hence  it  must  appear  evident  that  this  reduced 
index  of  refraction  causes  the  hyperopia  of  old  age.  Xo  doubt  the  general 
increase  in  thickness  of  the  lens  may  compensate  for  this,  within  certain 
limits. 

The  following  is  a  Schematic  table  of  the  average  total  indices  of  re- 
fraction: 

Senile  hyperopia 1.415 

Presbyopia,  depending  on  the  age  and  thickness  of  lens 1.420—1.425 

Youthful  lenses 1.430 

Lenses  during  act  of  accommodation 1.440 

N.  B.— In  the  schematic  eye  a  change  of  one  in  the  second  decimal  plAce 
changes  the  total  index  of  refraction  IVj  T>  (equals  ^^  mm.  difference  in  optic 
axis). 

In  cataract ous  lenses  the  index  of  refraction  is  nearly  always  found 
increased.  This  may  be  due  to  various  causes:  First,  the  anterior  pole  may 
disclose  an  abnormally  low  index;  this  would  increase  the  total  index.  Sec- 
ond, the  nucleus  may  be  very  markedly  .sclerosed,  and  thus  the  index  may 
be  increased.  Third,  both  conditions  may  be  combined.  In  the  first 
group  belongs,  possibly,  the  mature  cataract,  the  Morgagni's  and  soft  cat- 
aracts in  .which  the  nucleus  is  sclerosed;  in  the  second  group  are  found 
mature  cataracts  and  certain  forms  of  diabetic  cataracts,  in  which  irregular 
sclerosis  and  softening  has  not  as  yet  destroyed  the  structure  of  the  lens. 
Thus  can  be  explained  the  clinical  observation,  that  at  times  during  the  in- 
cipient stages  of  cataract  formation,  myopia  develops. 

THE  CHEMISTRY  OF  THE  LENS  AND  THE  FLUID  MEDIA 
WHICH  SURROUND  IT. 

With  the  exception  of  the  increase  in  weight  and  volume  of  the  trans- 
parent lens,  all  the  above-described  changes  are  dependent  on  the  chemical 
changes  which  take  place  in  the  lens.  These  in  their  turn  will  be  largely 
dependent  on  the  constitution  of  the  nutritive  supply  which  is  obtained 
from  the  vitreous. 

That  very  marked  chemical  differences  exist  between  the  lens  of  the 
young  and  those  advancing  in  age  has  already  been  pointed  out,  (on  page 
51),  on  the  evidence  of  anatomical  proof. 

Our  knowledge  of  the  chemical  constitution  of  the  crystalline  lens  is 
inseparable  from  the  name  of  Berzelius.  In  the  ox's  lens  he  found  an 
albuminous  substance  like  his  globulin,  which  he  named  Krystalline.  It 
appears  that  human  lenses  were  not  submitted  to  a  quantitative  analysis. 
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According  to  Kiihne,20  the  lens  contains  water  fiO  per  cent.,  albuminous 
material  37.5  per  cent.,  fat  and  traces  of  cholesterine  2  per  cent.,  and  ashes 
at  most  0.5  per  cent.  Later  analyses  are  from  the  laboratories  of  Hoppe 
Seyler.  Laptschinsky,^!  as  the  average  of  the  analysis  of  four  calves'  lenses, 
gives  the  following:  Water  63.51  per  cent.,  albuminous  material  34.93  per 
cent.,  lecithin  0.23  per  cent.,  cholesterine  0.22  per  cent.,  fat  0.29  per  cent., 
soluble  salts  0.53  per  cent.,  insoluble  salts  0.29  per  cent. 

Whereas  Kuhnc,  like  Simon,  Alex.  Schmidt,  Lieberkuhn  and 
Vintschgau,  states  that,  after  careful  trituration  in  sand,  extraction  in 
water  and  filtration,  he  obtained  a  faint  opalescent  fluid,  in  which  he  found 
at  least  three  albuminous  bodies,  globulin,  kali  albumin,  and  serum  al- 
bumen, Laptschinsky  obtained  no  precipitate  from  the  clear  filtrate  of  the 
precipitated  globulin  which  he  dissolved  in  a  weak  acid,  whereas  the  solu- 
tion became  cloudy  at  55  degrees  and  at  70  degrees  showed  a  flaky  coagu- 
late. Therefore,  according  to  the  latter,  the  lens  does  not  contain  a  potas- 
sium albuminate,  but  merely  a  globulin  (24.68  per  cent.)  and  serum  al- 
bumen (10.31  per  cent.).  Cahn  ^  triturated  fresh  animal  lenses  (accordin'^ 
to  Hammarsten's  method)  with  crystallized  magnesium  sulphate  and  after- 
wards washed  this  out  with  a  saturated  soda  magnesium  solution,  during 
which  process  more  of  the  albuminous  substance  was  taken  up  by  the  solu- 
tion. JVom  this  he  concluded  that  the  entire  lens  was  made  up  of  a 
globuline.  He  adds:  "Whether  or  not  this  is  a  single  one  is  yet  to  be  de- 
termined." Prof.  Michel  and  Henr}'  Wagner  ^3  investigated  this  subject 
again.  They  concluded  that  at.  least  in  the  pig's  eye,  also  in  the  ox's  eye, 
we  find  lento-giohuUne  and  lento-albumins.  To  digress  here  for  a  moment. 
Michel  2<  has  made  some  very  interesting  experiments  relative  to  the  tem- 
perature within  the  eye-ball,  and  with  special  reference  to  its  action  on  the 
crystalline  lens.  With  a  peculiarly  constructed  electrical  thermo  element 
he  made  a  series  of  investigations  in  the  eyes  of  rabbits.  The  temperaturti 
in  the  rectum  was  38.5  degrees  C,  the  average  in  the  anterior  chamber 
was  31.9  degrees  C,  and  in  the  middle  of  the  vitreous  36.1  degrees,  which 
he  also  considers  to  be  the  average  temperature  in  the  centre  of  the  lens. 
In  the  anterior  chamber  the  temperature  fell  several  tenths  of  a  degree, 
when  the  point  of  the  instrument  was  brought  close  to  the  cornea,  whereas 
it  rose  proportionately  as  it  approached  the  iris,  almost  attaining  the  tem- 

20  Physiological  Chemie,  p.  404.     Lelpslg,  1868. 

21  EIn  Beitrag  zur  Chemie  des  Liusengewbes.   Pflugers  Arch.,  Bd.  XIII,p.631. 

22  Zur  Physiol,  and  Pathol.  Chemie  des  Auges,  Strassburg,  1881,  p.  17. 

23  Physiologische  Ohemlsehe  Untersuchungpn  des  Anges.    Prof.  Met.  D.  W. 
Graef  Arch.,  XXXII,  Booli  2,  p.  155,  1886. 

24  Die  Temperature  Topographie  des  Auges.    Graefe  Arch.,  Vol.  XXXII,  B. 
2.  1886. 
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peratiire  in  the  vitreous.  Again,  in  the  vitreous  the  temperature  increased 
as  the  instrument  neared  the  coats  of  the  eye,  and  attained  the  body  tem- 
perature when  they  were  touched.  The  temperature  increased  2.3  degrees 
when  the  lids  were  closed  and  on  the  application  of  an  ice  bag  the  tem- 
perature fell  13  to  15  degrees  C.  in  the  course  of  one  and  a  half  minutes. 
The  relatively  low  temperature  of  the  anterior  chamber  may  be  due  to 
the  rapid  dissipation  of  heat  by  the  cornea;  also  due  to  the  fact  that  the 
blood  vessels  are  relatively  far  removed.  This  latter  cause  may  also  explain 
the  low  temperature  in  the  centre  of  the  vitreous.  From  a  physiological 
standpoint  these  temperature  conditions  appear  to  be  especially  important, 
since  undoubtedly  they  exert  a  ver}'  decided  influence  on  the  albuminous 
bodies  in  the  eye,  especially  in  the  lens.  Michel  gives  the  following  experi- 
ment. If  a  small  ice  bag  is  laid  on  the  eye  of  a  cat,  a  total  cloudiness  of  the 
lens  will  follow  in  a  short  time,  which  wdll  again  disappear  shortly  after 
the  ice  bag  is  removed. 

It  would  hardly  seem  necessary  to  remind  one  of  the  therapeutic  value 
of  the  above  experiments,  w-hich  show  the  rapid  changes  in  the  temperature 
due  to  closure  of  the  lid,  or  the  application  of  all  ice  bag. 

Laptschinsky  found  that  the  amount  of  the  cholesterine  varies  greatly, 
ranging  from  0.06  per  cent  to  0.49  per  cent.  He  also  found  that  the  normal 
transparent  lens  contains  lecithin. 

Our  interest  is  especially  directed  toward  discovering  the  differences 
in  the  quantities  of  water,  albuminous  material,  also  lecithin,  found  in  the 
senile  non-cataractons  and  in  the  senile  cataractous  lenses. 

Water.  Deutschman  ^  demonstrated  for  the  non-cataractous  lens,  that 
which  up  to  this  time  had  been  accepted,  but  which  never  had  been  experi- 
mentally proven,  by  weighing  human  lenses  removed  from  the  body  shortly 
after  death,  and  then  permitting  them  to  dry  out  completely,  and  in  this 
way  he  succeeded  in  demonstrating  as  a  fact,  that  though  there  is  a  general 
increase  as  age  advances,  there  is  a  diminution  both  absolute  as  well  as  rela- 
tive to  the  w^eight  of  the  entire  lens  (from  70.8  to  64.6  per  cent.)  of 
the  amount  of  water  contained^  whereas  the  amount  of  dry  constituents 
increases.  Naturally,  there  were  differences  in  the  weight  of  the  different 
lenses,  as  well  as  in  the  relation  between  the  amount  of  water  and  the  dry 
constituents  of  the  lens.  The  weight  of  five  senile  cataracts,  four  of  which 
had  been  extracted  by  H.  Pagenctacher,  and  the  fifth  was  a  cataracta  incip- 
iens  and  had  been  taken  from  a  corpse,  sliowed  (p.  316)  that  the  senile 
cataractous  lens  contained  considerably  more  water  (76.23  per  cent,  as  op- 
posed to  69.06  per  cent.)  </tan  tlie  non-chudy  senile  and  that  tJiey  were  poorer 


25  Cataracta  Senilis,  1879.    Graefe  Arch.,  Bd.  XXV,  2.  p.  214. 
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in  solid  constituents,  especially  the  albuminous  products.     Both  features 
were  less  developed  in  C.  incipiens. 

Jacobson's  statements  '^  are  at  variance  with  these,  who  found  juet  the 
opposite,  namely,  that  cataractovs  lenses  contain  less  water  (63.45  per  cent, 
as  opposed  to  73.6  per  cent.)  than  the  normal.  This,  however,  is  due  to  the 
fact  that  Jacobson  made  his  estimates  from  lenses  which  had  been  extracted 
without  their  capsules,  and  hence  there  can  be  no  doubt  but  that  a  part  of 
the  watery  cortical  substance  remained  behind  in  the  eye.  Unfortunately, 
Deutschman  failed  to  state  how  his  lenses  were  preserved  while  being  trans- 
ported from  Wiesbaden  to  Goettingen  in  order  to  protect  them  against 
alterations  in  their  watery  constituents.  Both  Priestly  Smith  and  J. 
Treacher  Collins  ^  agree  with  Jacobson.  The  latter  examined  six  fresh  eyes 
one  hour  after  enucleation;  also  ten  cataractous  lenses,  with  following  re- 
sults:— 


Prbsh  Eyes.  10-64  yrs. 
Average  Total  Weight,  0.204 
Water,  .  0.1446=    71  per  cent., 

Solid  Constituents,      .  0.059  -=29 
Ashes,  .        .         .  0.0018=0.  « 


10  Cataractous  Lenses,  46-80  yrs. 

0.118 

0.073  =-    65  per  cent. 

0.040  =    85 

0.0014«=1.57 


Collins  states:  "The  weight  of  the  cataractous  lens  is  far  below  that  of 
the  normal."  The  cataractous  lens  is  not  to  be  looked  upon  as  the  result  of 
excessive  changes  due  to  age,  but  rather  the  result  of  nutritive  disturbances 
of  an  entirely  different  nature,  c1iemical,not  morphological, 

Albnminovs  Suhstances.  Cahn^  analyzed  cataracts  which  had  been 
extracted  by  Laquer  without  their  capsules  and  been  subsequently  preserved 
in  alcohol,  and  he  has  compared  his  results  with  those  of  I>aptschinsky 
which  the  latter  made  in  normal  calves'  lenses.  Since  these  are  the  only 
quantitive  estimates  of  human  lenses,  they  are  quoted  here  and  will  be 
referred  to  again  later  on: — 


100  Parts  OF  Solid 

In  Cataracts. 

In  Normal 

CONSTITURNTS  CONTAIN 

I. 

II. 

Ox  lyENHBS. 

Albumen,    . 

81.48 

85.87 

94.71 

Cholesterine,    . 

6.22 

4.55 

0.62 

Lecithin, 

4.62 

0.808 

0.68 

Fat, 

1.19 

0.79 

Alcoholic  Extract, 

0.88 

1.45 

0.71 

Watery  Extract, 

8.94 

2.76 

1.52 

Soluable     \  <.,. 
Insoluable  ^^^*^^       ' 

1.81 

2.41 

1.86 

1.14 

1.45 

0.46 

26Uber  (lie  Brechungs-coeffioienten  imd  nber  die  Chemisohe  Beschaffeuheit 
Kntaral£toeser  Linsensnbstanz.    Zebender's  Klin.  Monatsblatt,  Bd.  XVII,  p.  307. 

27  The  Composition  of  the  Human  Lens  in  Health  and  in  Cataract,  etc. 
Opthalmic  Review,  November,  1880. 

28Zur  Physiol,  and  Patliol.  Chemie  des  Auges.    Strassburg,  p.  18.  1881. 
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According  to  the  two  analyses,    the    average    absolute    decrease    of 
albumen  equals  0.95  to  0.84  per  cent. 

Cabn,  however,  also  had.  the  opportunity  of  analyzing  a  number  of 
freshly  extracted  senile  cataracts.  He  preserved  them  in  quite  a  concen- 
trated sol.  of  common  salt  until  he  had  a  sufficient  number,  and  then  util- 
ized them  to  determine  the  amount  of  albuminous  material  in  senile  catar- 
acts by  comparing  the  results  of  that  which  is  insoluble  in  water  and  CO,  to 
that  which  is  soluble.  The  absolute  amount  of  albuminous  material  soluble 
in  water  and  CO  was  found  to  be  diminished.  Both  the  soluble  and  the  in- 
soluble albumines  were  then  dried,  and  the  average  analysis  of  the  two 
analyses  showed  that  the  proportion  of  the  soluble  to  the  insoluble  albu- 
rainea  was  to  that  of  the  normal  ox  lens  as  24,  62:  10,  31;  that  is,  as  2.38: 
1  is  to  15.09:  1.  Now,  since  as  we  have  seen  all  albuminous  substances 
which  are  present  in  the  normal  lens  are  glohulins,  and  that  the  apparent 
incomplete  elimination  of  serum  albumen  is  dependent  on  the  abnormal 
quantities  of  water  and  CO,  Cahn  draws  the  conclusion  from  this  fact,  that 
where  cataracts  are  treated  with  water  and  CO,  a  much  greater  portion  of  al- 
buminous  substance  is  eliminated,  and  that  during  life  a  portion  of  the 
albuminous  substance  has  been  so  modified  as  to  have  become  insoluble.  It 
is  not  difficult  to  assume  that  this  very  circumstance  adds  to  the  cataractous 
cloudiness. 

Cahn  does  not  decide  what  this  modification  is.  Becker,^  reasoning 
by  analogy,  expresses  the  belief  that  since  the  lens,  like  the  skin  and  hair, 
is  derived  from  the  ectoderm,  keratine  might  be  found  in  the  nucleus  ot 
the  senile  or  cataractous  lens.  Knies,  by  means  of  Kuhne^s  digestive  meth- 
od, proved  that  this  assumption  is  not  true.^  He  also  examined  senile 
cataracts  which  had  been  extracted  without  their  capsules;  hence,  essen- 
tially their  nuclei.  The  result  was  a  fluid  which  gave  all  the  reactions  of 
peptone,  and  did  not  in  any  way  differ  from  a  peptone  fluid  which  resulted 
from  digestion  of  albumen.  According  to  Knies,  the  substance  of  the  nu- 
cleus of  cataract  is  albuminous  in  its  nature,  though  it  did  show  certain 
difference  in  its  chemical  relation  to  other  albuminous  substances.  This 
digestive  method  has  in  other  ways  proven  its  importance  to  the  anatomy 
and  chemistry  of  the  lens.^^  By  this  means  it  has  been  shown  that  since 
the  capsule  of  the  lens,  like  Descemet's  membrane,  can  be  completely  di- 


29  Patbologie  Theraple,  p.  169. 

80  Knies  Zur  Chemie  der  Alters  veranderungen  der  Linse.    Untersnch  a.  d. 
Physiol.  Inst.  d.  Univ.  Heidelberg,  Bl.  2,  p.  114. 

81  Kuhne  and  Ewald  die  verdauung  als  Histologiscbe  Methode.   Verhand  der 
Naturhlstor  Med.  Verein  in  Heidelberg.  Bd.  1. 
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gested,  it  is  not  an  elastic  membrane.  It  seems  to  coincide  very  much  with 
the  cement  substance  of  the  lens.  In  fact,  the  entire  lens  may  be  digested, 
leaving  but  a  slight  residue. 

Cholesterine  and  Fat.  The  various  authorities  seem  to  coincide  as  to 
the  amount  of  chole«iterine  in  cataractous  lenses.  Kuline^  found  in  senile 
(human)  lenses  which  had  assumed  an  amber  color  a  greater  amount  of 
fat  and  cholesterine  than  in  the  normal  lenses.  Laptschinsky  (cited  above, 
page  639)  could  only  reiterate  this  statement  as  to  the  amount  of  fat  found 
in  cases  of  amber  colored  lenses  in  oxen.  It  is  however  questionable  whether 
we  can  consider  the  lenses  of  slaughtered  animals  as  senile,  in  the  sense 
which  we  consider  lenses  in  old  people  suifering  from  senile  cataract. 

We  are  indebted  to  Jacobson  for  the  most  thorough  investigations  con- 
cerning the  amount  of  cholesterine  contained  in  the  human  lens  during  the 
various  periods  of  life.  This  analysis  was  made  at  the  instigation  of  Zo- 
hender  and  Matthieson.  ITe  found  (cited  above,  page  315)  that  the  lens  of 
a  new  born  infant  does  not  contain  any  cholesterine,  and  in  the  lens  of  a 
young  woman  of  20  years,  he  found  but  slight  traces.  He  was  the  first  to 
draw  attention  to  this  increase  in  the  cataractous  lens  (page  313).  Though 
he  had  to  make  a  partial  retraction  in  a  latter  publication  (2d  paper  cited, 
page  309),  he  nevertheless  states:  "'In  young  individuals,  as  a  class,  the 
amount  of  cholesterine  is  much  less  than  in  individiuih  more  advanced  in 
life,  andy  as  a  whole,  cataractovs  lenses  ate  richer  in  cholesterine  than  nor- 
mally transparent  lenses.  Jacobson  (p.  308)  found  in  04  lenses  taken  from 
individuals  under  60  years  of  age,  that  2.11  per  cent,  of  the  dry  substance 
consisted  of  cholesterine,  and  in  27  transparent  lenses  taken  from  indi- 
viduals over  60  years  of  ago,  2.36  per  cent.,  and  in  86  cataracts  taken  from 
individuals  over  60  years  of  age,  2.68  per  cent.  Hoth  of  the  analyses  of 
Cahn  are  in  accord  with  these  figures.  As  compared  with  the  0.62  per  cent, 
cholesterine  (100  parts  of  solid  substance)  in  the  nomial  cortical  sub- 
stance, he  found  in  the  centre  of  the  cataract  5.38  per  cent,  choleste'rine 
Jacobson  was  further  able  to  show  that  the  nucleus  of  the  cataract  contains 
three  times  as  much  cholesterine  as  the  cataract  substance.  Therefore,  he 
considers  it  as  probable  that  cholesterine  is  not  a  foreign  substance,  which  is 
carried  to  the  lens  by  the  nutritive  fluid,  hut  that  it  is  rather  the  result  of  a 
change  in  the  albuminous  substance  contained  in  the  lens. 

Lecithin.  Laptschinsky  found  lecithin  in  the  cortical  substance  of  the 
normal  lens,  as  did  also  Cahn  in  both  his  analyses,  and  in  the  last  very 
much  increased  in  quantity.  He  does  not  attempt  to  draw  any  conclusions 
from  this. 


32  Physiologlsche  Chemie,  18(>8,  p.  400. 
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If  we  now  briefiy  make  a  resume  of  the  above,  we  find  that  Deutschman 
inferred  from  the  reduction  of  the  absolute  quantity  of  dried  cortical  sub- 
stance in  cataracts,  an  absolute  reduction  of  the  albuminous  substance  in 
cataract;  Jacohson  states  that  a  portion  of  the  albumen  has  been  changed 
into  cholesterine,  whereas  Cahn,  as  the  result  of  his  chemical  inves-tigations 
of  non-cataractous  lenses  and  senile  human  lenses,  states  that  in  cataract 
there  is  a  reduction  of  albuminous  material,  partly  changed  into  an  insol- 
uble substance,  with  at  the  same  time  formation  of  cholesterine  (and  leci- 
thin, increase  of  the  extractive  and  anorganic  substances).  Though  Cahn 
states  that  he  is  not  able  to  draw  any  conclusion  from  his  results  concern- 
ing the  cataractous  process,  Becker  draws  this  very  important  conclusion, 
that  "ihovgh  all  agree  as  to  the  physical  condition,  there  has  nevertheless  been 
proven  that  there  are  demonstratable  chemical  differences  between  the  nuchas 
of  the  non-clovdy  and  the  nucleus  of  the  cataractous  senile  lens" 

A  substance  which  has  been  occasionally  noted  in  the  lens,  and  which 
does  not  occur  under  normal  conditions,  is  sugar.  Its  presence  in  the  lens 
in  cases  of  diabetic  cataract  has  attracted  the  greatest  attention.  Its  pres- 
ence here  has  been  utilized  as  the  basis  on  which  to  build  a  theory  for  the 
development  of  this  particular  form  of  cataract.  There  may  be  various 
reasons  why  its  presence  is  not  a  constant  one,  which  \^all  be  touched  on 
again.  In  order  to  avoid  doubts  which  might  arise  in  the  minds  of 
the  reader  as  to  the  accuracy  with  which  these  tests  were  made.  Prof.  Kuhne 
kindly  permitted  the  publication  of  the  methods  pursued  in  his  laboratoty. 
On  March  9,  1881,  Kuhno  examined  for  Becker  a  cataract,  which  the  latter 
had  Just  extracted.  His  letter  reads  as  follows:  "The  cataractous  mass  which 
I  received  on  March  9th  was  rubbed  up  mintttely  in  water  heated  to  the  boiling 
point,  suflftcient  acetic  acid  added  to  give  it  a  weak  acid  reaction,  filtered  while 
still  hot,  and  the  filtrate  washed  in  boiling  water,  and  the  clear  filtrate  dried 
over  a  water  bath.  The  colorless  firm  residue  was  then  boiled  with  absolute 
alcohol,  and  this  filtered  after  cooling  left  nothing  to  be  reduced.  After  this 
mass,  which  was  insoluble  in  alcohol,  had  been  further  extracted  in  ether,  this 
was  dissolved  in  a  few  drops  of  water,  to  which  were  added  a  few  drops  of 
over-proof  alcoliol;  this  was  heated;  after  cooling  filtered,  and  the  residue  left 
on  the  filter  after  evaporation  was  taken  up  anew-  in  water,  and  used  in  making 
Trommer*s  test.  In  order  to  be  able  to  recognize  even  the  faintest  reduction,  to 
the  solution  to  which  caustic  soda  had  been  added,  just  sufficient  sulphate  of 
copper  solution  was  added  to  give  the  faintest  trace  of  blue  color  to  the  solution. 
On  placing  the  test  tube  in  water,  having  a  temperature  of  80  degrees  C,  the 
color  rapidly  disappeared,  and  a  reddish  color  developed.  Each  time,  on  cool- 
ing, a  new  quantity  of  the  sulphate  of  copper  solution  was  added,  until  the  blue 
color  was  retained  on  heating.  In  the  meanwhile,  there  had  been  such  a  rich 
deposit  of  reddish  crystals  of  oxide  of  copper,  that  it  was  possible  to  determine 
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that  there  was  a  very  considerable  quantity  of  sugar  in  the  lens.  The  insolu- 
bility of  the  reduced  body  in  absolute  alcohol,  and  the  rapid  appearance  of  the 
reduction  at  a  temperature  below  85  degrees  C,  were  all  guarantees  of  the 
Identity  of  this  substance  with  diabetic  sugar. 

The  second  cataract  was  extracted  from  this  same  individual  March  29,  1881. 
and  examined  by  Dr.  Mays.  His  report  reads  as  follows:  "The  lens  was  placed 
in  boiling  water,  and  thus  reduced  in  size.  After  this  solution  had  been  made 
weakly  acid  by  the  addition  of  acetic  acid,  and  then  allowed  to  boil  for  a  while 
longer,  it  was  filtered;  the  filtrate  strongly  compressed,  and  alcohol  added.  Dur- 
ing the  compression  a  small  exudate  had  formed,  so  that  it  became  necessary 
to  filter  once  more.  The  filtrate  was  next  evaporated  to  dryness,  and  the  residue 
was  taken  off  in  water.  With  this  solution  the  Trommer's  tests  were  made. 
After  the  solution  had  been  made  alkaline  by  the  addition  of  caustic  soda  solu- 
tion, there  was  added  just  a  sufficient  quantity  of  a  dilute  sulphate  of  copper 
solution,  to  give  the  slightest  perceptible  shade  of  blue.  The  color  disappeared 
on  heating  in  a  water  bath,  without,  however,  at  once  causing  a  noticeable  de- 
posit. After  the  addition  of  several  more  drops  of  the  sulphate  of  copper  solu- 
tion, the  fluid  retained  its  color  In  the  water  bath.  After  the  fluid  had  stood 
during  the  dinner  hour,  a  quantity  of  the  fluid  was  drawn  from  the  bottom  of 
the  test  tube  by  means  of  a  pipette,  and  examined  under  the  microscope.  The 
presence  of  a  few,  but  not  to  be  mistaken  crystals  of  the  oxide  of  copper,  proved 
that  the  reduction  had  taken  place,  from  which  one  is  justified  in  declaring  that 
sugar  was  present."  Kuhne  added  the  following  remarks:  "According  to  the 
reduction  test  the  quantity  of  sugar  appears  to  be  less  than  in  the  cataract  which 
I  examined  on  March  9,  1881.  Since  this  difference  does  not  appear  to  be  in  the 
amount  of  oxide  of  copper  which  was  reduced,  since  this  was  not  estimated,  but 
lies  in  the  precipitated  oxide,  this  may  also  depend  on  the  presence  of  sub- 
stances which  keep  the  oxide  of  copper  in  suspension  In  alkaline  solutions. 
Such  disturbing  additions  were  more  certainly  excluded  in  the  method  of  ex- 
amination pursued  in  the  first  lens;  the  second  method,  though  simpler,  is  not 
to  be  recommended,  because  it  offers  us  a  less  quantity  of  material  with  which 
to  make  an  investigation. 

In  order  to  decide  this  question,  whether  the  lens  or  a  cataract  does 
contain  a  substance  which,  on  the  addition  of  an  alkaline  solution  would 
give  the  oxide  of  copper  reduction,  Kuhne  was  kind  enough  to  examine 
(for  Becker)  f\\e  senile  cataracts  and  one  traumatic  cataract,  all  taken  from 
non-diabetic  patients,  just  as  they  chanced  to  follow  each  other  in  oper- 
ations at  the  clinic.  Such  a  supposition  seemed  verified,  for  Kuhne  found 
that  the  watery  extract  free  of  albumen,  taken  from  the  lens  of  a  rabbit,  had 
the  property  of  discoloring  the  copper  solution  on  making  the  Trommer's 
test,  and  at  times  minute  crystals  of  the  oxide  of  copper  were  seen  under 
the  microscope.  The  results  of  Kuhne's  examination  was  as  follows:  The 
lenses  were  triturated  in  water,  and  after  the  addition  of  a  trace  of  acetic 
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acid,  were  boiled.  The  filtrate  was  evaporated  to  complete  dryness,  and 
the  remains  were  taken  up  in  alcohol  (1).  That  which  the  alcohol  left  in- 
soluble was  taken  up  in  80  per  cent,  alcohol  (2).  And  the  third  int^oluble 
remainder  was  taken  up  in  water  (3).  1  and  2  were  evaporated  and  changed 
to  a  watery  solution,  and  in  the  reduction  test  gave  a  negative  result,  as  did 
also  3.  All  three  portions  were  next  just  turned  perceptible  blue  by  the 
addition  of  hydrate  of  soda  and  sulphate  of  copper  solution,  and  heated 
over  a  water  bath  for  a  considerable  length  of  time  at  a  temperature  of  100 
degrees  C,  during  which  the  color  did  not  change.  Later  on  the  color  was 
made  decidedly  blue  by  addition  of  more  Cu,  and  then  thoroughly  heated 
over  a  flame;  but  at  the  end  of  twenty-four  hours  none  of  these  tests  showed 
a  precipitate  in  which  the  oxide  of  copper  could  be  detected  microscopically. 
These  lenses^  therefore,  did  not  contain  any  sugar,  and  in  fact,  nothing  which 
could  he  reduced, 

Armaignac  ^  observed  in  a  cataracta  nigra,  small,  globular  granules, 
which  he  considered  haematoidvn.  The  only  spectroscopical  analysis  so  far 
reported  was  made  by  Gillet  de  Grandmont.^^  He  extracted  a  very  large 
black  cataract.  The  fundus  disclosed  a  general  chorio  retinitis.  The  spec- 
troscopic examination  proved  that  the  black  color  was  due  to  liver  pigment. 
The  occurrence  of  the  fundus  disease  explains  the  pathogenesis  of  the  form 
of  cataract.  Pykalt  believed  the  color  was  due  to  the  choroidal  pigment, 
for  dilute  sulphuric  acid  easily  dissolved  the  pigment  of  the  blood,  and  he 
made  similar  observtions  when  he  treated  sections  of  cataracta  nigra  with 
dilute  sulphuric  acid.  H.  Meyer  stated  that  he  believed  there  were  two 
forms  of  cataracta  nigra,  one  due  to  the  taking  up  of  the  pigment  of  the 
blood,  the  other  due  to  the  general  sclerosis. 

Vitreous  and  Aqueous,  For  reasons  explained  on  pages  53  and  54, 
analysis  of  the  \dtreous  and  aqueous  assume  great  importance,  especially  so 
owing  to  their  relation  to  the  pathological  conditions  of  the  lens.  It  is  a 
matter  of  regret  that  we  possess  but  few  analyses  of  sufficient  accuracy. 
The  investigations  of  Cahn  (1.  c,  p.  14)  have  settled  this  question  beyond 
a  doubt.  The  humor  aqueous  has  a  somewhat  strong  alkaline  reaction,  and 
has  a  specific  gravity  of  1.009.  It  does  not  contain  any  mucin,  but  a  globu- 
lin and  serum  albumen.  The  former  simulates  blood  serum  as  to  the  point 
at  which  it  coagulates.  The  aqueotis  has  this  qualitative  difference,  "that 
in  cooking  the  faintly  acid  solution,  the  albumen  becomes  shghtly  flaky 
and  is  precipitated,  leaving  a  clear  fluid;  whereas,  the  vitreous  always  re- 
main cloudy,  and  only  gives  a  clear  filtrate  with  great  difficulty,  a  condi- 


33  Note  sur  la  cataracte  noire— .Tournal  de  Med.  de  Bordeaux,  Bd.  IX,  p.  367. 
33a  Extraction  de  Cataracte  Noire.    Society  d  Opth.  d  Paris,  April,  1893. 
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tion  which  Lohmeyer  emphasized  and  which  Deutschman  misinterpreted, 
supposing  this  to  he  due  to  larger  quantity  of  alhumen.  All  quantitative 
estimates  coincide.  The  average  of  six  estimates  showed  the  vitreous  to 
contain  0.0738  per  cent,  of  albumen;  the  aqueous,  0.081  per  cent.;  hence,  ;i 
somewhat  greater  amount.  An  analysis  made  with  a  larger  quantity  of 
vitreous  (280  cc.)  showed  the  albumen  equal  to  0.0907  per  cent.  Lohmeyer 
found  it  to  be  0.053;  Deutschman,  0.12 — 0.113  per  cent.  The  following 
is  Cahn's  complete  analysis: 


Humor 

Humor 

Vitreous. 

Aqueous. 

Albumen 

0.074 

0.082 

Remaining  Organic  Substances, 

0.071 

0.148 

Ashes, 

0.971 

0.998 

Water, 

98.884 

98.777 

INORGANIC  SUBSTANCES. 

K,SO„     .        .        .         . 

8.74 

5.99 

K  cl,     . 

5.57 

2.92 

Na  cl,       .... 

74.48 

78.11 

PO4H  Na,.  . 

1.82 

1.99 

(POJ,Ca„      .         .         . 
(PO,),Mg..          .         . 
Na,Co,.    .         .         .         . 

0.44 

0.62 

0.22 

0.40 

12.67 

8.72 

"According  to  this  the  watery  fluids  of  the  eye  are  very  similar  to  the 
cerebro-spinal  fluid,  and  the  transudates  which  are  weakest  in  albumen.** 

The  material  from  which  these  analyses  were  made  was  taken  from 
animals.  In  older  analyses  made  by  Berzelius  and  Kletzinsky,  the  aqueous 
used  was  taken  from  human  eyes,  but  none  has  been  made  from  the  vitre- 
ous. One  should  judge,  that  since  the  index  of  refraction  of  both  fluids  is 
the  same  under  normal  conditions,  any  abnormal  addition  leading  to  a 
changed  constitution  of  the  one  or  the  other  of  the  two  fluids  ought  to  be 
demonstratable. 

Fleischer  ^*  fixed  the  indices  of  refraction  by  means  of  Abbe's  refracto- 
meter.  The  value  for  distilled  water  (Line  D,  18  per  cent.)  being  1.3340, 
he  found  that  of  the  aqueous  equal  to  1.3373,  and  of  the  vitreous  equal  to 
1.3369;  hence,  somewhat  less. 

Notwithstanding  the  difficulty  of  making  estimates  with  Abbe's  Refracto- 
meter  of  the  small  oiiantitii^s  of  aqueous  or  vitreous  which  can  be  obruiae<3 
from  man,  we  can  nevertheless  determine  to  a  degree  the  index  of  refraction 
of  the  fluids,  and  gain  comparatively  accurate  knowledge,  as  to  whether  the 
fluids  are  normal  In  their  constitution,  or  whether  they  contain  abnormal  sub- 
fi>tances.  For  example:  The  index  ot  refraction  of  a  three-quarter  per  cent  Na. 
Cl  solution,  1.3356;  whereas  that  of  water  equals  1.3340.    (Lino  D.  18  degrees 


84  Neue  Bestimmungen  der  Brechungs  exponenten  der  Durchsichtigen  Flus- 
sigeh  Median  des  Auges  Inaug.   Dissert,  1872. 
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<j.)  Egg  albumen,  O.J  10  i>er  cent.  In  a  three-quarter  per  cent.  Na.  CI  solution 
equaK^  1.3365;  egg  nlbumen,  0.165  per  cent,  equals  1.3368;  0.33  per  cent,  1.3370 
0.5  per  cent.,  1.3373,  etc.  If  the  anterior  chamber  of  a  normal  eye  is  punctured, 
a  fluid  will  be  obtained  showing  an  index  of  refraction  equal  to  1.3362.  If  the 
anterior  chamber  is  punctured  again,  ten  minutes  later  it  will  be  found  1.3389. 
From  experiments  made  on  animals,  it  is  a  well  knovon  fact,  that  with  each  success- 
ive puncture,  the  albuminous  portion  of  the  aqueous  increases.  The  yitreous  of  an 
Intensely  icteric  patient,  taken  but  a  few  hours  after  death,  had  an  index  of  re- 
fraction equal  to  1.3379,  whereas,  on  boiling,  it  showed  but  a  slight  opalescence. 

If  we  will  now  hold  fast  to  the  fact  that  both  aqueous  and  vitreous  are 
poor  in  albumen,  and  that  the  amount  of  organic  as  well  as  inorganic  con- 
stituents scarcely  differ  from  each  other;  hence,  any  addition  of  substances 
which  are  normally  present,  or  any  other  substances  which  do  not  occur  in 
them  under  normal  circumstances,  will  lead  to  the  following  important 
conclusion  concerning  the  nutrition  of  the  lens:  In  general  any  increase  or 
abnormal  contents  in  the  vitreous,  he  they  organic  or  inorganic,  will  cause 
cbnormal  nutritive  conditions  in  the  lens,  and  like  rondiUons  occurring  in  the 
4iqueous  are  the  result  of  an  interference  with  the  proper  interchange  of  fluids 
in  the  lens. 

Lohmeyer^  succeeded  in  demonstrating  the  presence  of  sugar  in  vit- 
reous, taken  from  two  human  beings  who  had  died  of  diabetes.  The  acid 
reaction  of  the  fluid  media  (lactic  acid)  of  the  eye,  which  he  claimed  he 
had  found,  and  which  he  also  claimed  passed  through  the  lens,  Leber  ^' 
was  not  able  to  find  in  the  aqueous  taken  up  with  a  pipette  from  the  con- 
junctiva during  a  cataract  extraction  done  on  a  diabetic  patient.  Hence, 
Leber  assumed  that  the  acid  reaction  which  Lohmeyer  obtained,  was  due 
to  post  mortem  change.  Deutschman  ^  proved  the  presence  of  sugar  in 
the  aqueous  and  vitreous  of  the  corpse  of  a  diabetic,  which  did  not  contain 
a  cataract,  and  whose  lens  did  not  contain  sugar.  The  aqueous  was  highly 
alkaline,  and  contained  0.5  per  cent,  the  vitreous  0.36  per  cent  of  sugar. 

We  know  as  yet  absolutely  nothing  concerning  a  change  or  increase 
in  the  amount  of  albumen  in  the  vitreous  in  cases  of  senile  cataract. 

The  first  analysis  relative  to  the  amount  of  albumen  in  the  aqueous, 
in  cases  of  senile  cataract,  are  to  be  found  in  Edward  Yager's  work,  "Uhcr 
die  Einstellung  des  dioptr.  Apparatus,  eat."  (p.  142)  and  were  made  by 
Kletzinsky.     The  aqueous  was  taken  from  the  living  eye  by  puncture  of 


85  Beitrag  zur  Histologie  und  Aetlologie  der  erworbenen  Llnsenstaare.    Zeit- 
«chrift,  f.  rat  Medicin  N.  P.,  Bd.  V,  p.  99,  1854. 

86  Uber  die  Erkranltung  des  Auges  bei  der  Diabetes  Mellitus  Arch,  fur  Opth., 
Bd.  XXI,  3. 

87  Zur  Regeneration  des  Homor  Agueous.    Arch.  f.  Opthal.,  Bd.  26,  p.  99. 
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the  cornea.  Notwithstanding  the  slight  quantity  which  he  could  ohtaio 
(0.2 — 0.5  gr.),  Kletzinsky  estimated  the  amount  of  albumen  in  a  normal 
eye  to  be  0.0456  per  cent.,  and  that  of  three  cataractous  eyes  to  be  0.361S 
0.0764  and  0.0899  per  cent.  Hence,  the  cataractous  eyes  showed  a  great 
increase  of  albumen  over  that  found  in  the  normal  eye.  Leber  (1.  c,  p.  301) 
found  a  very  considerable  increase  of  the  albumen  (on  heating  a  thick  pre- 
cipitate occurred),  together  with  a  1  pro  mille  of  sugar,  in  a  patient  who 
had  diabetic  cataract,  removed  two  and  one-half  hours  after  death.  This 
observation  incited  Deutschman  to  examine  the  aqueous  in  senile  cataracts 
for  albumen.  He  found  during  the  process  of  ripening  of  senile  cataract  a 
greater  amount  of  albumen  in  the  aqueous  than  under  normal  conditions; 
hence,  he  coincided  with  the  Yager-Kletzinsky  statement.  In  a  case  of 
acute  nephritis,  with  exceptionally  excessive  albuminuria,  the  lens  being 
tran**parent,  no  increase  of  albumen  could  be  found  in  the  eye.  From  this 
together  with  several  other  investigations,  Deutschman  concluded  that 
the  increatie  of  albumen  which  is  found  in  the  aqueous  in  cases  of  cataract,  is 
derived  from  the  lens,  hut  that  the  cataract  is  not  due  to  an  inceased  amount  of 
albumen  in  the  humor  aqueous. 

Aside  from  the  fact  whether  the  tests  made  by  Kletzinsky,  with  such 
small  quantities,  and  the  so-called  optical  tests  of  Deutschman,  are  of  suf- 
ficient accuracy  to  give  definite  results,  which  could  be  of  service  in  jde- 
termining  this  important  question  as  to  the  causes  of  cataract,  they  never- 
theless coincide  fully  with  those  with  which  we  are  acquainted,  concerning 
the  direction  of  the  nutritive  stream  in  the  lens.  Hence,  we  can  understand 
the  reason  for  the  constant  presence  of  a  greater  amount  of  albumen  in  the 
aqueous,  in  cases  of  advanced  senile  catara<;t,  which  must  have  been  derived 
from  the  lens,  and  passed  out  by  diffusion. 

One  could  account  for  the  presence  of  sugar  in  the  lens  and  aqueous 
by  a  similar  mode  of  reasoning. 


PART  11. 

THE  PATHOLOGICAL  LENS  SYSTEM. 

CHAPTER  I. 

THE  PATHOLOGY  OF  THE  ZONULA  OF  ZINX. 

Even  at  the  present  day  but  little  is  known  conceraing  the  patholog- 
ical anatomy  of  the  zonula  of  zinn,  on  the  normal  integrity  and  develop- 
ment of  which  the  lens  is  so  prominently  dependent,  not  only  for  its  proper 
position,  but  also  for  its  ability  to  properly  perform  its  function  during  the 
act  of  accommodation.  It  might  also  be  compared  to  the  haii*spring  of  a 
watch. 

Becker^  states  that  at  times  there  is  such  a  complete  atrophy  of  the 
zonula  fibres  that  one  can  not  recognize  a  trace  of  its  fibrous  construction. 
This  may  lead  to  a  spontaneous  detachment  of  the  lens  in  its  capsule,  par- 
tial or  complete.  This  condition  in  all  probability  agrees  with  one  de- 
scribed by  Wedl  and  Bock  ^  as  senescence  of  the  zonula.  They  describe  the 
zonula  fibres  as  taut,  apparently  closely  packed  together,  and  easily  torn 
from  their  attachment  on  the  application  of  a  certain  degree  of  force.  When 
detached  they  are  tense  and  friable.  This  condition  is  taken  advantage  of 
when  the  lens  is  extracted  in  its  capsule  (Pagenstecher's  operation). 

Again,  Becker  Jitates  ^  that  it  is  not  at  all  uncommon  in  cases  of  disor- 
ganized eycfs,  more  particularly  in  cases  where  cataract  has  developed,  to 
find  a  marked  increase  of  the  zonula  fibres.  These,  he  states,  may  be  ob- 
served in  the  fresh  as  well  as  in  hardened  specimens,  as  cloudy,  thickened 
fibres,  adherent  to  the  ciliary  body  and  the  capsule  of  the  lens.  Wedl  and 
Bock  (p.  77)  state  that  in  oataractous  eyes  the  connective  tissue  corpuscles, 
which  are  normally  present  at  the  time,  are  greatly  increased,  and  lead  to 
a  cloudiness  of  the  zonula.  In  the  great  majority  of  disorganized  eyes, 
such  as  phthisical  bulbi,  those  which  have  suffered  from  iridocyclitic  pro- 
cesses, the  inflammatory  products  fill  up  the  posterior  chamber,  and  the 
zonula  fibres  likewise  become  immersed  in  the  exudate.  Later  on  these 
inflammatory  products  organize;  tense  bands,  develop,  and  as  they  undergo 
cicatrical  contraction  lead  to  dislocation  of  the  lens,  even  to  detachment  of 


1  Pathologle  and  Therapie.   Graefe  Saemlsch  Vol.  p.  161,  No.  11. 

2  Pathologlsche  Anatomie  des  Auges.   Wien,  1886,  p.  177. 

3  Pathologle  and  Therapie,  p.  162. 


74 

the  entire  ciliary  body.  No  doubt  at  times  these  bands  have  been  mistaken 
for  thickened  zonular  fibres.  More  as  the  result  of  clinical  observation  than 
of  anatomical  examination  it  has  been  observed,  that  in  cases  of  synchisis 
corporis  vitreu  the  zonular  fibres  are  also  affected,  loose  their  consistence, 
and  are  totally  dissolved.  This  is  evidenced  in  cases  of  spontaneous  lux- 
ation of  the  lens,  where  at  the  beginning  there  is  iridodonesis,  with  the 
lens  still  properly  centered.  I^ter  on,  due  to  the  continuous  movements  of 
the  eyeball,  and  consequent  oscillation  of  the  lens,  as  a  natural  result  of  the 
continuous  tension,  the  zonula  fibres  finally  rupture.  Owing  to  the  inti- 
mate genetic  relation  existing  between  the  zonula  fibres  and  the  vitreous 
(as  pointed  out  on  page  27),  one  might  assume  that  the  same  causative 
agent  which  leads  to  the  pathological  destruction  of  the  vitreous,  or  its 
chemical  decomposition,  acts  exactly  in  the  same  manner  on  tlie  zonular 
fibres. 

Solution  of  vontinuiiy  can  always  occur  as  the  result  of  the  application 
of  mechanical  force,  but  the  manner  of  its  production  may  be  brought 
about  in  various  ways.     Two  causes  have  already  been  cited  above.    Trac- 
tion which  the  shrinking  cai)sular  cataiuct  exerts  on  the  zonula,  or  the 
dragging  which  it  experiences  where  the  aqueous  is  suddenly  evacuated, 
due  to  a  corneal  nipture,  the  result,  either  of  a  trauma  or  operative  pro- 
ceedure,  may  produce  this  disaster,  the  lens  moving  anteriorly  a  distance 
equal  to  its  axial  diameter,    ^lore  fre(iucntly,  however,  the  zonula  does  noi 
rupture  at  once,  but  the  lens  remains  adherent  at  the  point  where  the  per- 
foration occurred;  and  it  is  only  after  the  anterior  chamber  is  re-estab- 
lishe^l,  and  the  aqueous  accumulated,  that  the  zonula  tears.     Ectatic  pro- 
cesses, hydropthaliHus,  cornea;  globosa,  staphyloma  intercalare;  in  fact,  all 
forms  of  stapliylomata  of  the  anterior  segment  of  the  globe,  lead  to  partial 
or  entire  rupture  of  the  zonula,  due  to  the  continually  increasing  tension 
exerted  on  the  zonula  fibres  by  the  gradual  distension  of  the  anterior  seg- 
ment of  the  globe.    Where  the  eye  is  struck  by  a  blunt  force  and  suddenly 
flattened  out,  and  assumes  again  its  nonnal  shape,  not  infrequently  the 
lens  is  found  luxated,  and  this  is  only  possible  where  there  is  at  least  a  par- 
tial tear  of  the  zonula.     The  same  result  is  noted  of  a  contusion,  and  as  is 
well  known;  this  latter  condition  most  frequently  occurs  in  the  region  of 
the  ciliary  body.    Lastly,  the  zonula  may  be  torn  by  a  foreign  body  pene- 
trating it  alone,  or  at  the  same  time  involving  neighborly  structures  as  cil- 
iary body  and  lens,  without  necessarily  leading  to  loss  of  either  aqueous  or 
^'itreous. 

Certain  anatomical  anomalies  of  the  eijeball  are  associated  with 
anomalies  in  the  formation  of  the  zonula.  In  all  the  varieties  of  colobomata 
(coloboma  of  iris,  ciliary  body,  choroid,  and  retina),  supposed  to  be  due  to 
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late  closure  of  the  ocular  fissure,  one  finds,  as  one  would  naturally  expect 
to  find,  a  failure  of  perfect  development  of  the  zonula  fibres,  especially 
along  the  line  where  the  closure  took  place,  and  in  these  places  the  lens 
follows  the  tension  from  above.  Treacher  Collins  (see  page  29)  explains 
eases  of  coloboma  lentis  as  due  to  want  of  proper  adhesion  between  the 
ciliary  portion  of  the  retina  and  capsule  of  the  lens  at  a  very  early  period 
of  development,  before  the  expansion  of  the  eyeball  begins.  Ectopia  lentis, 
he  explains  in  a  similar  manner,  as  due  to  a  lack  of  development  of  the 
zonula  fibres.  He  further  states:  "If,  as  a  result  of  persistence  of  the  hya- 
loid  artery,  the  fibro'  vascular  sheath  around  the  lens  persists  and  becomes 
thickened,  it  may  occur  that  the  lens  be  forced  forward  between  iris  and 
ciliary  processes,  without  leading  to  adhesions  laterally;  as  a  result,  there 
will  be  no  traction  and  no  zonular  fibres,  simply  an  epithelial  deposit  on  the 
posterior  capsule,  and  the  lens  then  assumes  an  almost  globular  form." 

CHAPTER  II. 

THE  PATHOLOGICAL  CHANGES  IN  THE  LENS. 
LENTICULAR  CATARACT. 

"During  the  present  century  the  pathological  anatomy  of  the  lens  has 
been  the  subject  of  a  great  many,  and  in  part  very  accurate,  publications. 
Hundreds  of  years  ago,  owing  to  the  extreme  importance  which  opacities 
of  the  lens  bear  to  those  so  afflicted,  the  operations  for  cataract  awakened 
an  interest  which  was  not  alone  confined  to  the  physician.  Hence,  it  is 
easy  to  understand  why  every  effort  has  been  made  to  clear  up,  by  accurate 
anatomical  investigation,  the  cause  of  cataract."  It  is  only  since  the  early 
part  of  the  last  century  that  we  know  that  grey  cataract  has  its  seat  in  the 
lens,  and  it  is  only  during  the  past  fifty  years  that  we  know  anything  at  all 
oonceming  its  histological  structure.  The  past  twenty-five  years  have  been 
ripe  with  a  succession  of  publications,  more  especially  the  past  fifteen  years, 
owing  to  the  refinement  in  the  technique  in  the  preparation  of  specimens 
and  in  our  possession  of  better  microscopes;  and  as  a  result,  our  knowledge 
of  the  pathology  of  the  lens  has  gradually  been  placed  on  a  solid  foundu-. 
tion.  And  at  this  point  it  seems  no  more  than  just  and  proper  to  again 
draw  attention  to  the  great  efforts  made  in  this  direction  by  Otto  Becker, 
whose  masterly  descriptions  are  the  basis  of  the  following: 

"The  impetus  to  study  the  pathological  anatomy  of  the  lens  was  given 
by  Malgaigne,  and  coiTesponds  with  the  time  when  histology  in  general 
was  undergoing  revision  by  Schwan.  Malgaigne  contended  (1840),  and 
based  his  contentions  on  post  mortem  examinations,  that  there  was  no  sucli 
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thing  as  a  capsular  cataract;  that  is,  that  there  existed  no  true  cloudmess 
of  the  capsule  per  se.    This  statement  aroused  extraordinary  interest,  and 
thereupon  Cunier,  the  publisher  of  *The  Annales  de  Oculistic/  took  occa- 
sion to  offer  a  prize  for  the  best  essay  on  this  subject.    This  was  ver}^  learn- 
edly and  scientifically  answered  by  two  young  German  physicians,  Horing- 
and  Strieker.     Especially  in  the  work  of  Iloring  do  we  find  the  correct 
ideas  regarding  the  formation  of  the  lens,  and  in  this  he  was  far  in  ad- 
vance of  his  contemporaries.    Both  declared  against  Malgaigne;  but  it  ap- 
pears that  both  sides  misunderstood  each  other.    It  is  not  necessary  at  the 
present  day  to  draw  attention  to  the  fact  that  at  the  time  Malgaigne  was 
making  his  investigations,  a  large  proportion  of  the  cases  of  cataract  de- 
pendent on  cloudiness  of  the  cortex,  were  considered  as  capsular  cataracts. 
In  looking  over  the  clinical  histories  of  that  time,  one  frequently  finds  the 
statement  made,  that  after  reclination  the  capsular  cataract  which  re- 
mained in  the  pupil  was  gradually  absorbed.    As  that  which  we  today  desig- 
nate as  capsular  cataract  is  not  affected  by  the  aqueous  humor,  and  as  one 
does  not  wish  to  doubt  the  correctness  of  their  observations,  the  cloudinesa 
which  remained  in  the  pupillary  area  must  have  been  remains  of  cortical 
substance.    Therefore,  Malgaigne  was  correct  when  he  contended  that  that, 
which  at  that  time  was  called  capsular  cataract,  was  situated  in  the  cortical 
substance  and  not  in  the  capsule." 

SENILE  CATARACT. 

It  seems  advisable,  in  taking  up  the  study  of  the  pathology  of  the 
lens,  to  begin  with  the  study  of  senile  rataracf.  l^ecausc  of  its  frequency 
we  have  bettor  opportunity  for  making  clinical  obsenations,  which  can  be 
verified  by  anatomical  examination.  Senile  cataract  also  offers  us  the  op- 
portunity of  studying  all  those  changes  which  are  characteristic  of  other 
varieties  of  cataract,  which  manifest  themselves  here  in  varving  degrees  of 
intensity.  The  pathological  changes  may  be  considered  under  two  general 
groups.  First,  those  of  degeneration  or  retrogressive  metamorphosis  and  or 
new  cellular  formation;  second,  those  of  regeneration^  the  so-called  atrophic 
cellular  hijperplasias. 

l^ecker  states:  ^  ''In  senile  cataract  one  must  asi^ume  that  where  the 
sclerosing  process  does  not  proceed  in  an  absolutely  regular  and  continuous 
manner,  so  as  finally  to  lead  to  the  formation  of  a  cafarartn  nigra,  the  com- 
plete saturation  with  nutritive  fluid  is  interfered  with,  and  thus  leads  to  a 
loosening  up  of  the  lamella  immediately  adjacent  to  the  nucleus.  Besides 
this  there  is  a  mechanical  cause  for  this  loosening  up  of  the  lamellae.  Owing 


1  Pathologle  and  Therapie,  Section  30,  p.  182. 
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to  the  compact  condition,  and  hence  reduced  volume  of  the  nucleus,  there 
necessarily  follows  a  certain  amount  of  traction  on  the  more  peripheral 
portions  of  the  lens.  Those  portions  of  the  cortex  in  the  region  of  the  an- 
terior and  posterior  pole  and  the  capsule,  since  they  are  not  fixed  by  the 
zonula,  can  give  to  this  traction.  But  in  the  equatorial  region  the  condi- 
tions are  different.  To  begin  with,  here  the  connection  between  the  la- 
mellae is  less  intimate,  since  it  is  here  that  the  youngest  lens  fibres  ar3 
found.  Then  again  the  zonula  fixes  the  capsule,  and  prevents  the  equa- 
torial portion  of  the  lens  from  becoming  further  removed  from  the  ciliary 
body,  and  approaching  the  axis  of  the  eye.  Hence,  it  can  not  be  such  a 
matter  of  surprise  that  in  senile  cataract,  the  equatorial  portion  of  the  lens 
is  the  first  to  suffer  a  loosening  up  and  separation  of  its  cortical  lamellae 
{gerontoxon  lentis),  and  that  this  is  subsequently  followed  by  a  true  cloudi- 
ness of  the  lens  fibres,  and  a  molecular  disintegration  {cataract  formation). 

Foerster  ^  appears  to  har^  been  under  the  impression  that  "the  first 
indication  of  a  cataract  always  makes  its  first  appearance  around  the  nu- 
cleus of  the  lens,  as  a  result  of  interference  with  the  gradual  sclerosis,"  and 
states  "that  a  very  delicate  but  sharply  defined  line  of  demarcation  can  be 
observed  along  the  equatorial  line  of  the  nucleus,  which  at  times  may  even 
be  observed  with  the  naked  eye  or  use  of  a  loup  after  the  lens  has  been  ex- 
tracted." 

Since  the  introduction  of  the  refracting  opthalmoscope  for  diagnostic 
purposes  by  Hirschberg^  and  Magnus,^  it  has  been  successfully  demon- 
strated that  it  is  possible  to  study  the  development  of  cataraet  from  its  very 
incipiency.  This  has  not  only  given  us  the  means  for  making  an  earl}" 
diagnosis,  but  has  assisted  us  in  formulating  a  theory  as  to  the  cause  of  its 
development.  By  starting  \vith  a  -|-  6  D  lens,  and  gradually  increasing  its 
stisength,  one  can  successfully  focus  the  entire  thickness  of  the  crystalline 
lens,  and  by  this  means  note  the  minutest  changes.  In  this  manner  Magnus 
conducted  166  examinations,  and  was  enabled  to  observe  the  very  first  deli- 
cate changes  which  lead  up  to  the  development  of  senile  cataract.  Gener- 
ally speaking,  he  observed  two  types  of  development.  In  92.77  per  cent,  of 
the  cases  which  he  examined,  the  first  signs  developed  along  the  equatorial 
line  of  the  lens;  that  is,  in  a  zone  running  parallel  to  the  anterior  and  pos- 
terior surfaces,  Ammon's  so-willed  gerontoxon  hniis.  The  second  type  in 
which  the  changes  are  rapidly  developed,  fomi  about  7.23  per  cent  of  the 


2  Becker's  Anatomle,  p.  52. 

8  Centralblatt  fur  Prakt  Augenliellkunde.  1886,  p.  333;  1888,  p.  360;  1889, 
p.  330. 

4  Pathologisch  Auatomlsehe  Studien  uber  die  Anfange  des  Altersstaares. 
Oraefe's  Arch.,  Vol.  XXXV,  B.  3,  1889. 
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cases,  and  disclose  the  first  signs  along  the  equator  of  ihe  nucleus  of  the  lens^ 
Thus  Magnus  was  enabled  to  differentiate  five  varieties  of  interspaces,  as  man- 
ifestations of  developing  cataract  at  a  time  when  the  lens  was  apparently  per- 
fectlynormal.  "i^tr«^; pear-shaped  interspaces  arranged  concentrically  around 
the  equator.  Second^  large  spindle-shaped  interspaces,  in  all  probability 
outgrowths  of  the  pear-shaped.  Third,  small  spindle-shaped  interspaces 
which  at  an  early  stage  are  found  throughout  the  lens.  Fourth,  small  and 
large  globules  dispersed  through  all  the  lamellae.  Fifth,  fine  dust-like 
opacities  which  occur  at  an  early  stage  throughout  the  cloudy  zone.  In  the 
beginning  the  interspaces  appear  perfectly  transparent,  like  capillary  tubes 
filled  with  clear  fluid;  later  on,  they  appear  as  though  Covered  by  a  delicate 
veil;  then  the  cloudiness  becomes  more  saturated  and  the  contours  more 
sharply  defined,  until  finally  they  coalesce  with  neighboring  interspaces. 
These  cloudy  interspaces  extend  either  uniformly  toward  the  centre  or  they 
sit  as  radii  on  the  equator."  As  the  cataractous  process  goes  on,  they 
coalesce,  forming  band-like  processes,  which  surround  the  equator  of  the 
lens,  or  they  extend  inward  toward  the  centre  of  the  axis  of  the  lens  as 
prismatic  sectors.  As  has  been  stated  above,  Becker  looked  upon  these  in- 
terspaces as  the  result  of  interference  with  the  otherwise  regularly  progress- 
ing sclerosis  of  the  lens,  and  as  a  result  a  less  intimate  and  regular  con- 
nection between  the  individual  lamellae;  the  first  demon stra table  sign  of 
an  interference  with  the  formation  of  a  nucleus.  In  these  interspaces  the 
tissue  fluid  stagnates,  undergoes  chemical  changes  and  leads  to  d^enera- 
tive  processes  in  the  lens  fibres  themselves.  "The  originally  normal  fluid 
which  ha^  an  index  of  refraction  equal  to  that  of  the  formative  elements  of 
the  lens,  after  a  time  stagnates  in  these  spaces,  and  thus  leads  to  abnormal 
processes  of  diffusion  between  itself  and  the  contents  of  the  lens  fibres.  As 
a  result,  it  withdraws  from  the  lens  fibres  a  part  of  their  contents  and  give 
up  a  part  of  its  own.  This  leads  to  disturbance  of  nutrition,  which  in  turn 
leads  to  an  alteration  in  the  chemical  constitution  of  the  tissue  fluid  and  the 
lens  fibres,  and  these  changes  are  manifested  by  a  change  in  tlie  index  of 
refraction  of  both  tlie  stagnant  fluid  and  the  lens  fibres.''^ 

Priestly  Smith,  in  a  paper  read  before  the  Opthal  Society,^  expressed 
a  similar  opinion,  stating:  "In  the  tabulated  results  the  relation  of  senility 
to  the  development  of  cataract  comes  out  clearly.  Ticnses  which  showed  any 
opacity  were  distinguished  from  others  and  were  found  when  tabulated  to 
be,  on  the  avemge,  smaller  than  transparent  lenses  of  the  same  age.  As 
this  difference  was  present  even  when  the  opacities  were  very  slight,  it 


5  Becker  At.  P..  p.  58. 

6  Med.  Times  and  Gazette,  .Tanuary  20,  1883. 
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seemed  likely  that  a  period  of  diminished  rate  of  growth  preceded  the 
formation  of  the  opacities  of  senile  cataract  and  were  in  most  cases  limited 
to  the  equatorial  zone,  where  the  capsule  and  the  cortical  layers  of  the  lens 
were  subjected  to  the  traction  of  the  suspensory  ligament/'  Thus  he  sup- 
ports Becker's  conclusions  quoted  above. 

By  the  recognition  of  this  heretofore  overlooked  factor,  namely,  that 
those  lenses  in  which  senile  cataract  has  begun  to  develop  have  a  lesser  volume 
than  lenses  of  the  same  age  which  are  free  from  opacities,  we  certainly  have 
advanced  greatly  in  our  understanding  of  the  genesis  of  senile  cataract. 
Hence  the  splitting  and  fissuring  of  the  cortical  substance  will  be  followed 
by  a  degree  of  shrinkage,  greater  than  the  physiological  retrogressive  pro- 
cess. 

The  sclerosing  process  proceeds  differently  in  different  individuals.  It 
may  go  on  uninterruptedly  to  extreme  old  age.  Becker  states  that  he  ob- 
served a  yellow  nucleus  and  clear  cortical  substance  with  vision  equal  to 
6-9  in  an  individual  ninety-four  years  of  age.  In  other  cases  the  lens  is 
changed  into  a  dry,  hard  brown  mass  up  to  the  very  capsule,  which,  with- 
out any  cloudiness  appearing  in  the  pupillary  area,  absorbs  so  much  light 
as  to  materially  impair  vision.  (Cataracta  nigra.)  Again,  the  process  is 
arrested  when  it  reaches  certain  peripheric  lamellae,  the  nucleus  separates 
from  the  cortex,  and  the  latter  disintegrates,  the  products  of  which  when 
they  have  reached  thdr  greatest  degree,  absorb  so  much  light  that  simply 
quantitative  perception  remains.  {Cataracta  senilis  maiura).  The  sclerosed 
nucleus  suffers  no  further  change  except  in  cases  where  the  condition  re- 
mains for  a  long  time;  the  outer  lamellae  may  then  become  softened  and 
melt  away.  As  the  cataractous  process  goes  on,  the  volume  of  the  lens  in- 
creases, and  the  more  rapidly,  the  more  cloudiness  develops.  After  the 
cortical  cloudiness  is  complete  and  attains  its  greatest  volume,  the  volum»3 
again  becomes  lessened  and  the  cataractous  mass  begins  to  thicken.  The 
taking  up  is  followed  by  the  giving  off,  of  water.  In  the  course  of  this  re- 
duction, a  stage  is  reached  in  which  the  volume  of  the  lens  equals  that  of 
a  senile  lens.  (Arlt's  "Stage  of  Bipeness.")  This  is  followed  by  the  stage 
of  over-ripeness  characterized  by  a  reduction  in  the  volume  of  the  lens,  and 
the  appearance  of  whitish,  punctate  and  striated  opaque  spots  on  the  inner 
surface  of  the  anterior  capsule  and  by  the  disappearance  of  the  hitherto 
recognizable  radial  arrangement  of  the  lens  fibres. 

For  the  further  retrogressive  metamorphosis,  we  are  forced  to  assume 
entirely  different  changes  in  the  lens.  Either  the  cortical  substance  b'3- 
comes  more  and  more  thickened,  accompanied  by  tlie  formation  of  cap- 
sular cataract,  or  the  cortex  gradually  becomes  a  fluid  pasty  mass,  in  which 
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is  found  an  abundance  of  cholesterine  and  chalky  deposits,  and  in  which 
the  nucleus  finally  sinks  to  the  bottom  (Cataracta  Morgagni), 

On  microscopical  examination,  these  splits  and  interspaces  are  found 
to  be  filled  with  coagulated  albuminous  globules.  Innumerable  direct 
observations  have  settled  this  as  an  unassailable  fact,  and  this  has  been 
especially  demonstrated  in  lenses  which,  during  life,  had  shown  signs  of 
cataracta  incipient,  and  have  conclusively  proven,  that  it  is  these  forma- 
tions which  are  the  cause  of  the  first  opacities  in  the  cortex  of  incipient 
cataract.  These  are  the  so-called  '^MorgagnVs  globuhs/^  and  have  long 
ago  been  observed  in  posterior  cortical  cataract.  It  must,  however,  remain 
an  undecided  question  as  to  whether  this  fluid  coagulates  into  globules 
during  life,  or  whether  this  is  simply  the  result  of  a  cooling  off  of  the  body 
after  death,  or  due  to  the  action  of  the  hardening  fluid,  or  due  to  both  the 
latter.  Due  to  the  influence  of  the  changed  fluid  in  these  interspaces,  the 
fibres  undergo  a  variety  of  changes,  all  the  various  degrees  of  which  can  be 
observ^ed  without  any  difficulty  imder  the  microscope,  beginning  with  the 
punctate  molecular  cloudiness  of  the  fibres  up  to  highly  refracting  drop- 
lets, from  the  irregularly  serrated  borders  of  the  fibres  up  to  the  transverse 
striations;  from  the  tumesence  to  the  gradual  transition  into  cylindrical 
tubes.  The  first  stage  of  disintegration,  the  dislocation  of  the  lamellae  one 
against  the  other,  the  breaking  down,  disintegration  and  total  destruction 
of  the  individual  fibres,  the  formation  of  albuminous  globules,  molecular 
pasty  masses,  calcareous  granules,  fat,  cholesterine  cr}'stals,  can  all  be  ob- 
eerved  under  a  low  power  of  the  microscope. 

If  a  nucleus  has  formed,  the  cataract  as  a  rule  must  develop  in  those 
portions  of  the  lens  which  are  not  yet  sclerosed.  The  older  the  individual 
at  the  time  the  cataract  begins  to  form,  the  larger,  generally  speaking,  will 
be  the  nucleus  which  is  surrounded  by  the  cataractous  mass;  whereas  the 
younger  the  individual  at  the  time  the  cataract  begins  to  form,  the  easier 
will  it  be  for  the  entire  lens  to  become  cataractous.  But  no  sharp  line  be- 
tween nucleus  and  cortex  can  be  drawn,  estimated  by  the  age;  it  is  an 
exceedingly  rare  occurrence  to  find  the  centre  of  a  lens  undergoing  cata- 
ractous changes  after  a  nucleus  has  once  formed.  In  those  cases  where 
the  centre  of  the  lens  is  first  attacked,  it  is  still  an  undecided  question 
whether  the  cataractous  process  had  been  preceded  by  the  formation  of  a 
nucleus,  or  whether  it  had  occurred  as  a  result  of  the  failure  of  a  nucleus 
to  properly  form. 

CATARACT  IN  YOI'THFUL  LENSES. 
The  causation  of  the  spontaneous  development  of  soft  cataracts  in 
youthful  individuals  is  still  wrapped  in  the  deepest  darkness.     Anatomical 
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investigations  are  entirely  wanting,  and  our  knowledge  is  therefore  en- 
tirely restricted  to  the  results  of  clinical  investigation.  The  only  case  which 
Becker  was  enabled  to  examine  anatomically  was  obtained  from  a  diabetic 
patient,  a  girl  nineteen  years  of  age.  It  is  a  well-settled  fact  that  a  devel- 
oping diabetic  soft  cataract  of  a  youthful  individual  differs  in  no  way  in 
its  appearance  from  any  other  soft  cataract  of  youth.  The  lens  is  tumescent, 
shows  the  well-known  pearly  grey,  radially-arranged  silky  opacities  which 
aid  us  in  recognizing  the  arrangement  of  the  lens  fibres  around  the  an- 
terior pole;  between  these  are  the  dark  striations  which  are  to  be  looked 
upon  as  the  interspaces  filled  with  the  transparent  fluid.  The  traumatic 
cataract  has  exactly  the  same  appearance  when  it  occurs  in  a  youthful  in- 
dividual. Examination  of  such  traumatic  cataracts  and  the  diabetic  cata- 
ract has  shown  that  they  have  this  in  common,  that  the  interspaces  and 
splits  are  especially  pronounced  and  numerous,  between  the  lamellae  and 
the  fibres,  and  that  they  are  undoubtedly  the  cause  of  the  opacities.  It  is 
worthy  of  special  emphasis  that  the  dark  striations  between  the  silky  stria- 
tions which  seem  to  be  due  to  splits,  on  anatomical  examination  of  trau- 
matic cataracts  were  found  in  reality  to  be  due  to  splits.  It  is  further 
worthy  of  note,  that  if  one  takes  a  lens  denuded  of  its  capsule  and  exposes 
it  to  the  air  until  it  is  perfectly  dry,  it  will  split  up  similarly  into  small 
sectors.  Bobinski  '^  makes  mention  of  the  same  fact.  Hence,  in  the  de- 
velopment of  soft  cataract  of  youthful  individuals,  we  are  likewise  dealing 
with  a  splitting  up  of  the  lens,  and  in  these  cases  the  peripheric  lamellae 
are  first  attacked,  the  more  centrally  located,  later  on.  Here  the  cloudiness 
of  the  lens,  as  it  appears  to  the  one  making  the  examination,  as  well  as 
the  impermeability  to  light  in  the  eye  so  affected,  is  caused  by  the  differ- 
ence in  the  index  of  refraction  of  the  lamellae  as  they  are  superimposed 
one  over  the  other.  Undoubtedly  the  individual  lens  fibres,  and  the 
lamellae  composed  of  these,  possess  a  greater  index  of  refraction  than  the 
fluid  which  has  accumulated  between  them.  Though  it  be  true  that  the 
fluid  which  accumulates  in  the  interspaces  in  incipient  senile  cataract  is 
simply  tissue  fluid  which  is  normally  present,  but  in  increased  quantity, 
it  is  equally  true  that  in  the  soft  cataracts  of  youthful  individuals  the 
fluid  which  occupies  these  interspaces  has  from  the  very  beginning  gained 
entrance  in  an  abnormal  way,  namely,  by  diffusion,  from  without  into  the 
capsule  sac.  This  seems  to  be  attested  by  the  fact,  that  -the  substance 
which  occupies  these  interspaces  has  an  index  of  refraction  about  equal  to 
that  of  the  aqueous.     In  traumatic  cataracts  the  source  of  this  fluid  is 
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evident.  It  enters  through  the  wound  in  the  capsule.  Subsequently, 
streams  of  diffusion  between  the  fluid  which  has  entered  and  the  contents 
of  the  lens  fibres,  as  well  as  between  the  lens  and  the  aqueous  through  the 
capsule  will  take  part.  This  hypothesis  seems  necessary  because  at  times 
we  find  the  capsule  closes  again,  and  still  the  opacities  increase. 

From  the  very  beginning  we  have  assumed  streams  of  diffusion  to 
explain  the  development  of  diabetic  cataract. 

Even  in  the  consecutive  cataracts  of  youthful  individuals,  the  appear- 
ance is  exactly  that  of  the  foregoing.  Under  such  circumstances  there  de- 
velops, even  in  very  advanced  old  age,  as  the  result  of  the  rapid  taking  up 
of  water,  a  cataract  with  a  soft  cortex,  and  it  appears  that  it  may  even 
soften  up  a  sclerosed  nucleus.  In  these  cases,  no  other  explanation  seems 
possible  than  that  the  addition  of  a  pathologically  changed  nutritive  fluid 
has  led  to  this  splitting  up.  The  taking  up  of  water,  the  stage  of  tumesence 
in  the  soft  cataract,  just  as  in  the  senile  cataract,  is  to  be  looked  upon  as  the 
second  stage  of  the  formation  of  cataract. 

The  subsequent  changes  are  almost  identical  with  those  of  senile  cat- 
aract; only  that  we  find  appearing  in  the  fibres  of  youthful  individuals, 
especially  after  discission  or  a  trauma,  the  well-known  and  frequently 
described  vacuoles  in  large  numbers.  The  wavy  contours  of  the  tumescent 
peripheric  fibres  are  very  striking.  Finally,  the  entire  lens  seems  to  take 
part  in  the  cataractous  degeneration,  there  being  no  hard  nucleus.  It 
seems  much  easier  for  calcareous  deposits  to  take  place  in  this  final  stage 
than  in  cataracts  occurring  in  old  age. 


CHAPTER  III. 

THE    PATHOLOGICAL    CHANGES    IX    THE    INTRACAPSULAR 

CELLS. 

CAPSULAR  CATARACT. 

A.  THE  DEGENERATIVE  CHANGES. 

The  degenerative  processes  are  sharply  differentiated  from  the  phe- 
nomena of  physiological  retrogression  already  described.  If  one  may  be 
permitted  to  so  express  himself,  the  latter  consists  of  an  atrophy  of  the 
nuclei  and  cells,  whereas  we  are  here  dealing  with  a  metamorphosis  begin- 
ning in  the  nucleus,  then  affecting  the  entire  cell;  as  a  result  the  cells  be- 
come changed  into  a  pathological  substance,  the  chemical  nature  of  which 
has  not  been  as  vet  fully  determined. 
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H.  Muller,  in  his  first  essay  on  this  subject,^*  describes  two  kinds  of 
deposits  on  the  inner  surface  of  the  anterior  capsule.  He  states,  "Some 
of  these  extend  over  the  surface  and  seem  in  profile  as  striations  which  are 
easily  differentiated  from  the  capsule;  for  a  certain  distance  they  may  show 
a  regular  degree  of  thickness.  On  the  otlier  hand,  they  may  form  plaques, 
with  no  evident  connection  with  one  another.  Either  they  are  adherent 
by  a  broad  flat  base,  or  they  form  globules  or  tenpin-like  structures,  which 
show  great  similarity  to  the  papillae  of  the  descemetis  or  the  isolated 
^^Drusen"  (warty,  hyaline  excrescences)  of  the  vitreous  lamellae  of  the 
choroid."  The  substance  which  forms  these  structures  is  very  much  like 
the  capsule  itself  is  transparent,  and  refracts  the  light.  Again,  it  may  not 
show  such  a  perfectly  regular,  homogenous  structure,  but  show  yellowish 
lighter  and  darker  spots,  even  granular  masses. 

This  latter  form  of  deposit,  which  Muller  has  described  as  bearing  such  a 
close  similarity  to  the  Drusen  of  the  choroid,  Becker  states,  he  was  enabled  to 
study  from  its  very  incipiency.  The  cataract  was  preserved  five  weeks  in  a  45 
per  cent,  solution  of  alcohol,  the  capsule  was  stained  with  haemotoxylin,  and  a 
portion  was  then  imbedded  and  cut;  the  larger  portion  was  put  up  in  glycerine. 
The  specimen  having  grown  pale  in  course  of  time,  it  was  stained  again  with 
liaemotoxylin  and  eosln,  and  then  put  up  in  Canada  balsam.  This  specimen 
showed  long  stretches  of  well  preserved  epithelium  and  beautiful  nuclei,  nearly 
all  the  nuclei  being  at  rest.  At  other  places  the  nuclei  show  that  they  are  under- 
going most  peculiar  changes,  without  showing  any  particular  changes  as  to  size 
or  form,  they  show  that  they  are  all  more  or  less  advanced  in  undergoing  a 
change  into  a  homogenous,  reddish  brown,  highly  refracting  substance,  so  that 
but  one  portion  has  taken  up  the  blue  coloring  matter.  Due  to  this  change,  the 
chromatic  substance  is  gradually  pushed  into  a  very  narrow  peripheral  zone. 
The  contours  of  the  cells  are,  however,  well  defined  and  distinctly  seen.  When 
the  nucleus  has  undergone  a  complete  change,  owing  to  the  taking  up  of  ma- 
terial from  without,  it  becomes  enlarged,  but  for  a  considerable  time  it  retains 
its  globular  form.  The  protoplasmic  portion  of  the  cells  gradually  disappears, 
since  the  globular,  glassy  (hyaline)  masses  which  fill  out  the  nuclei  touch  each 
other,  and  finally  melt  Into  one  mass,  thus  forming  the  *'Drusig*'  (hyaline)  figures, 
which  assume  the  most  characteristic  forms,  and  frequently  extend  over  large 
areas.  In  these  globular,  at  times  flattened  **Drusen,"  I  have  found  stained 
nuclei  enclosed.  In  all  cases  they  are  surrounded  at  their  edges  by  nuclei,  show- 
ing evidences  of  karyoklnesls.  Sometimes  the  nuclei  are  smaller,  then  again 
larger,  and  can  be  plainly  seen  to  surround  these  excresences. 

This  capsule  showed  these  formations  In  all  their  various  stages,  beginning 
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with  the  isolated  nuclei  just  beginning  to  show  changes  up  to  the  complicated 
formations  1.5  mm.  in  length,  1  mm.  in  width,  and  0.5  mm.  in  height  At  times 
this  colloid  (?)  substance  is  covered  with  stained  nuclei;  again  but  a  few  are 
scattered  around  the  base  and  edges;  again,  the  interior  of  the  hyaline  mass  is 
perfectly  free,  with  but  a  few  nuclei  scattered  around  the  edges. 

It  is  not  often  that  one  has  the  opportunity  of  observing,  as  in  the 
above  specimen,  so  distinctly,  through  all  its  stages  of  development,  the 
development  of  these  hyaline  masses  out  of  the  nuclei  of  the  epithelium. 
There  is,  however,  scarcely  a  capsule,  covering  a  senile  cataract  which  has 
existed  for  any  length  of  time,  on  which  one  can  not  discover  various  stages 
in  the  development  of  these  hyaline  excresences. 

The  frequency  of  this  anatomical  condition  corresponds  to  the  round, 
white,  light  reflecting  spots  frequently  obsened  on  the  inner  surface  of  the 
anterior  capsule,  in  over-ripe  cataracts,  mention  of  which  was  made  above. 

B,  NEW  CELLULAR  FORMATIOXS  WHICH  DEVELOP  FROM  THE 
INTRACAPSULAR  CELLS. 

a.  REGENERATIVE  NEW  CELLULAR  FORMATION. 
In  close  proximity  to  the  above-described  hyaline  excresences  (Dru- 
sen),  one  always  finds  a  greater  or  less  number  of  nuclei  which  take  the 
stain  with  avidity,  are  small,  and  show  karyokinetic  figures.  Not  infre- 
quently one  finds  perfect  nests  of  these  nuclei.  On  focusing  these  very 
carefully,  one  discovers  that  they  are  no  longer  in  the  same  niveau  as  tho 
capsular  epithelium,  but  seem  to  ascend  on  the  sides  of  these  excresences. 
In  cases  in  which  these  Drusen  are  very  extensive  on  the  inner  surface  of 
the  capsule,  these  new-formed  cells  often  take  on  great  dimensions.  They 
not  only  completely  cover  thes^e  excresences  on  their  inner  surface,  but 
they  seem  to  project  into  its  veiT  substance.  However,  it  still  remains  a 
question,  whether  these  e.rcresences,  surrounded  as  tJiey  are  by  strands  of 
cells,  are  not  from  their  very  beginning  formed  from  oth^r  cells  whiat 
these  enclose.     Thus  one  form  of  capsular  cataract  is  described. 

b,  THE  PROCESS!^  AND  PRODUCTS  OF  ATROPHIC  NEW 
CELLULAR  FORMATIONS. 
Aside  from  the  above-described  cellular  new  fornintions  around  the 
hyaline  excresences,  Becker  states  that  he  was  succes^sful  in  finding  on  the 
inner  surface  of  every  senile  cataract  which  he  examined,  new  cellular 
formations.  As  they  have  exceptionally  been  observed  in  lenses  which 
showed  no  cloudiness,  they  can  not  be  looked  upon  either  as  the  cause  of 
cataract  formation,  or  as  one  of  its  secjuences.  He  rather  suggests  that  the 
same  cause  which,  during  tlie  senile  sclerosis,  is  active  in  producing  the 
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lenticular  cataract,  likewise  induces  this  new  cellular  formation.  He 
further  makes  the  emphatic  statement,  that  all  new  formations  of  cells 
within  the  uninjured  capsule  always  take  their  origin  from  the  cellular 
elements  which  are  normally  present,  that  is,  from  the  capsular  epi- 
thelium in  its  more  restricted  sense,  further  from  the  cells  along  the  whorl, 
and  possibly  from  those  cells  which  have  become  changed  into  fibres.  As  a 
result  of  this  active  hyperphasia,  we  meet  with  an  epithelial  covering  on 
the  inner  surface  of  the  posterior  capsule;  also,  large  i^esicular  cells  which 
are  frequently  located  hoth  in  the  anterior  and  posterior  cortical  substance; 
also,  nests  of  these  are  at  times  foimd  in  the  equatorial  region,  which  greatly 
simulate  the  hyaline  excresences  spoken  of  above,  as  well  as  the  true 
capsular  cataracts. 

There  are  various  methods  of  provin/x  that  there  is  a  hyperphasia  of 
the  epithelium  during  the  formation  of  cataract.  Nuclear  fission  is  un- 
doubted evidence.  During  the  whole  of  life,  the  size  and  form  of  the 
nuclei  of  a  normal  human  capsular  epithelium  show  an  astonishing  reg- 
ularity. A  surface  view  shows  them  to  be  circular  and  with  a  diameter  of 
0.005  mm.,  and  equally  far  removed  on  all  sides  from  the  borders  of  the 
protoplasm.  Therefore,  when  in  a  case  of  cataract  we  find  a  portion  of  the 
epithelium  of  absolutely  normal  size,  form  and  position,  and  again  in  other 
places  find  the  size  of  the  cells,  their  form  and  their  nuclei  materially 
changed  from  the  normal,  this  of  itself  is  evidence  of  a  hyperphasia,  a 
pathological  new  formation,  even  when  the  cells  are  found  where  epi- 
thelium is  normally  found  and  when  arranged  as  a  single  layer. 

a.  EPITHELIAL  COVERING  OF  THE  POSTERIOR  CAPSULE. 

When  epithelial  cells  are  found  at  places  where  under  normal  condi- 
tions they  are  absent,  there  can  be  no  doubt,  but  that  we  are  dealing  witli 
a  new  cellular  formation.  Even  H.  Muller  observed,  that  at  times  in  cata- 
ractous  lenses  a  layer  of  epithelium  clothed  the  inner  surface  of  the 
posterior  capsule.  Iwanoif,  Gayet,  Becker  and  others  verified  this  state- 
ment years  ago. 

II.  Muller  (cited  above,  p.  2()9)  states,  ''There  appears  also  to  be  a 
hyperphasia  of  cells,  as  I  have  several  times  found  a  layer  of  irregular 
cells  on  the  posterior  capsule.''  He  refers  to  this  again  in  his  following 
publications  (pp.  264,  2()(),  277,  283).  Iwanoff  studied  this  condition  of 
the  epithelium  in  eyes  which  had  been  enucleated  on  account  of  disease. 
He  states,^  "The  cells  which  are  most  sensitive  and  earliest  affected  by 
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irritation  are  the  formative  cells  of  the  lens.'*  Every  time  one  of  the  above 
diseased  conditions  begins  to  act,  the  lens  swells  and  the  formative  cells 
are  affected.  The  product  of  these  formative  cells  is  normally  epithelial 
cells  arranged  on  the  inner  surface  of  the  anterior  capsule,  as  new  lens 
fibres  and  as  epithelium  on  ths  posterior  capsule.  Tliis  new-formed  epi- 
thelium seldom  has  the  attributes  of  normal  epithelium.  In  most  cases 
it  appears  more  swollen,  the  nuclei  easily  undergo  fission,  and  in  fact  ap- 
pears to  possess  but  little  viability (?).  The  epithelium  on  the  posterior  cap- 
sule easily  undergoes  degeneration,  (colloid,  mucoid),  hence  one  so  often 
sees  these  large,  transparent,  variously  shaped  vesicles,  containing  a  nucleus 
which  has  been  pushed  to  one  side.'' 

H.  Muller  made  all  his  investigations  on  cataractous  lenses.  Hence  it 
is  of  interest  to  note  that  he  likewise  drew  attention  to  the  rapid  disintegra- 
tion of  the  nuclei  of  these  new-formed  efnthelial  cells,  and  he  likewise 
looks  upon  the  equatorial  zone  as  their  source  of  origin.  Gayet^  likewise 
investigated  the  question.  He  believed  that  as  a  result  of  the  formation  of 
these  vesicular  cells,  which  are  altered  epithehal  cells,  the  neighlwring 
normal  epithelial  cells  are  pushed  aside,  and  as  a  result  are  found  alon;^ 
the  posterior  capsule. 

Becker  states  that  he  is  satisfied  that  "'the  epithelial  covering  of  the 
posterior  capsule  is  derived  from  the  surface  growth  of  the  anterior  epi- 
thelium.  This,  however,  can  only  begin  to  act  when  the  lens  whorl,  as 
such,  has  ceased  to  exist."  He  denies  the  existence  of  the  so-called  forma- 
tive cells  in  the  sense  in  which  von  Becker  used  them;  he  states,  however, 
that  "the  pathological  production  of  new  cells  takes  place,  nevertheless, 
from  that  region  where  normally  the  growth  and  regeneration  of  the  epi- 
thelium takes  place.  The  cells,  however,  as  they  are  forced  backward,  are 
not  changed  into  lens  fibres  through  the  medium  of  the  lens  whorl,  since 
either  the  lens  whorl  no  longer  exists,  or  since  the  mechanical  conditions 
themselves  are  changed.  As  a  result,  the  cells  are  pushed  past  the  position 
of  the  whorl,  far  backward,  and  thus  to  a  greater  or  loss  extent  cover  the 
inner  surface  of  the  posterior  capsule.  On  this  account,  changes  along  the 
lens  whorl  in  cataracts  are  of  great  importance.  In  fact,  it  seems  that 
whenever  a  cataract  has  advanced  to  any  degree,  the  connection  between 
the  whorl  and  the  capsule,  also  with  the  youngest  fibres,  is  loosened  up." 

The  mechanical  conditions  are  changed  insofar,  that  the  new  cells 
need  no  longer  overcome  so  much  pressure,  and  thus  can  push  and  force 
themselves  on  the  one  hand  in  between  the  epithelium  and  the  posterior 
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capsule,  and  the  lens  fibres,  on  the  other  hand,  relatively  speaking,  without 
any  hindrance  whatever,  and  under  much  less  pressure,  hence  they  develop 
into  the  large  vesicular  cells  directly  to  be  described,  or,  as  epithelial  cells, 
permit  themselves  to  push  backward  to  the  posterior  capsule.  In  compli- 
cated cataracts  one  can  often  accurately  follow  the  direction  which  they 
take.  , 

As  compared  with  the  epithelial  cells  on  the  posterior  capsule  which 
disclose  departures  from  the  normal,  we  frequently  meet  with  vesicular  cells 
in  the  region  of  the  whorl. 

There  can  be  no  doubt  but  that  these  new  cells  again  produce  cells. 
Not  only  are  these  large  vesicular  cells  formed,  but  in  rare  cases,  structures 
which  are  identical  with  the  so-called  capsular  cataracts  of  the  anterior 
capsule.  Both  the  pseudo-epithelium  on  the  posterior  capsule,  as  well  as 
those  vesicular  cells  along  the  equator,  show  the  presence  of  elongated 
nuclei  poorly  stained,  the  karyokinetic  changes  very  indistinct  and  the 
cells  ver}'  much  enlarged.  Becker  expresses  the  belief  that  these  cells  may 
reproduce  other  cells,  but  at  the  same  time  acknowledges  that  he  never  ob- 
served karyokinetic  changes  in  the  nuclei  of  the  pseudo-epithelium  nor  .in 
the  vesicular  cells. 

b.  WEDL'S  VESICULAK  CELLS. 
BLASCHEXFORMIGPIX  ZELLEX.  These  cellular  vesicles,  which 
were  first  described  by  Wedl  and  later  by  Iwanoff,  Knies  and  others,  have 
a  twofold  origin.  They  are  either  products  of  the  posterior  capsule,  or  the 
cells  at  the  whorl  which  have  undergone  enormous  distension,  or  they  are 
developed  from  the  fully-developed  lens  fibres,  due  to  a  veiy  peculiar 
change  in  the  contents  of  the  fibre  around  the  nucleus.  These  cells  are 
never  found  wanting  in  examination  of  senile  cataracts,  especially  in  the 
diabetic  and  congenital  cataracts. 

Neither  Wedl,  Iwanoff,  Knies  nor  Becker  offer  an  explanation  as  to 
their  origin.  The  only  one  who  has  decided  their  origin  is  Gaylet.^  He 
believes  that  during  the  formation  of  a  capsular  cataract  he  has  discovered 
similar  changes  to  those  which  H.  Leloir*  has  described  as  occurring  in  the 
rete  malpigi  during  the  formation  of  smallpox  pustules. 

"Around  the  nucleus  of  the  cell  there  Is  developed  a  M'hlte  zone,  which  grad- 
nallj  enlarges  at  the  expense  of  the  protoplasm  of  the  cell,  at  the  same  time 
pressing  the  nucleus  to  one  side,  and  thus  materially  enlarging  the  cell.    Thus 

8  Sur  un  Point  d'Histologle  de  la  Cataracte  Capsulaire.  Lyon  Med.  XXXIII, 
p.  15.. 

4  Contribution  a  Tetude  Formation  des  Pustules  et  des  Veslcules  sur  la  peu 
et  les  Muqueuses.   Arch,  d  Physlologle  Normal  et  Pathologic,  1880,  p.  307. 
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the  cell  becomes  changed  into  a  vesicle,  in  which  the  nucleus  atrophies,  and 
gradually  undergoes  a  fatty  degeneration.  These  greatly  enlarged  vesicular 
cells,  owing  to  pressure  against  each  other,  assume  polyhedral  shapes,  and  press 
those  cells  which  have  not  undergone  such  a  change  Into  characteristic  angular 
shapes;  they  then  become  granular,  and  finally  disappear.  This  vesicular  de- 
generation of  the  epithelial  cells  necessarily  leads  to  a  surface  enlargement  of 
the  entire  epithelial  layer,  and  according  to  Gayet  explains  the  cause  for  the 
spreading  of  the  epithelium  to  the  posterior  capsule." 

Becker  denies  that  he  has  ever  noted  sueli  changes  during  the  forma- 
tion of  these  vesicular  cells,  and  state?  that  we  do  not  as  yet  possess  a 
satisfactor}'  explanation  of  this  peculiar  change.  Is  this  hyaline  or  colloid, 
or  is  it  a  peculiar  hydropsie  of  the  individual  cells? 

The  vesicular  changes  are  most  easily  studied  along  the  equatorial  line 
of  secondary  cataracts,  and  in  all  prohability  a  study  of  their  development 
here  will  aid  us  in  clearing  up  the  processes  which  form  the  basis  of  this 
change.  Since  the  days  of  Yrolick  and  Sommering  we  know  that  after  a 
reclination  or  extraction  the  cells  along  the  lens  whorl  remain  in  the  cap- 
sule. After  the  operation  the  production  of  cells  springs  up  anew.  How- 
ever, the  mechanical  conditions  being  changed,  these  cells  become  flat,  and 
on  cross  section  are  no  longer  six-sided  lens  fibres,  but  assume  irregular 
polyhedral  shapes,  similar  to  the  vesicular  cells  found  in  cataracts  within 
uninjured  capsules.  The  pressure  being  removed,  the  lens  fibres  along  the 
equatorial  region,  those  which  have  remained  dormant  for  years,  become 
active  again,  and  now  being  developeil  under  a  reduced  pressure,  do  not 
form  fibres,  but  assume  polyhedral  shapes.  Becker  describes  a  second 
mode  of  development.  A  peculiar  change  of  the  protoplasm  around  the 
nucleus  occurs  in  the  cells  at  the  equator.  It  becomes  thickened,  more 
highly  refractive,  involves  either  the  entire  thickness  of  the  fibre,  or  leaves 
a  portion  of  the  substance  of  the  fibre  to  one  side,  and  thus  seems  to  be- 
come constructed  at  first  into  an  elliptical,  finally  into  a  globular  disk.  All 
this  time  the  nucleus  appears  to  be  at  rest.  Notwithstanding  the  great  dif- 
ference which  exists  regarding  the  mode  of  development  of  the  vesicular 
cells,  the  question  must  still  remain  an  unanswere<l  one,  as  to  whether  they 
possess  anything  more  in  common  than  their  fonn.  Concerning  the  rela- 
tion of  these  cells  to  cataract  formation,  those  difTerences  are  of  but  littlo 
moment,  since  the  cells  developed  according  to  the  second  method  are  very 
few. 

The  large  cells  are  especially  prone  to  degeneration.  Their  nuclei 
show  all  the  evidences  of  a  gradual  deatli.  The  bordei*s  of  the  cells  become 
indistinct  and  the  contents  of  neighboring  cells  run  together,  forming  a 
homogenous  mass.     Iwanot!  designated  this  change  as  colloid  or  mucoid. 
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Since  the  occurrence  of  mucin  in  the  capsule  sac  has  nuc  been  proven  and 
since  this  changed  product  does  not  give  the  reaction  of  colloid  material, 
both  names  are  improper.  Becker  states  that  it  would  be  more  correct  to 
speak  of  them  as  hydropsical  cells.  The  supposition  that  the  disintegra- 
tion of  the  vesicular  cells  aids  in  bringing  about  the  fluidity  in  cases  of 
cataracta  Morgagni  has  much  in  its  favor. 

Becker's  view,  that  all  capsular  cataracts  are  the  result  of  a  hyper- 
plasia of  the  capsular  epithelium,  is  today  accepted.  He  believed  (Anat- 
omy, p.  76)  that  the  hyaline  processes  of  the  newly  developed  cells  in  some 
manner  softened  up  the  capsule,  worked  their  way  in  between  the  layers  (?) 
of  th6  capsule,  thus  splitting  it,  and  that  the  capsular  cataract  then  de- 
veloped in  this  space. 

As  long  ago  as  1858,  H.  Jluller  drew  attention  to  the  great  similarity 
between  capsular  cataracts  and  connective  tissue,  and  up  to  within  a  few 
years  this  formed  one  of  the  nicest .  questions  in  the  whole  range  of  the 
study  of  ocular  pathology.  General  patholog\'  teaches  that  connective 
tissue  structures  must  be  fonned  from  cells  of  the  mesoderm,  and 
hence  can  not  be  derived  from  the  ectoderm.  Manfredi  *  attempted  to 
overcome  the  difficulties  in  the  way,  by  declaring  that  a  capsular  cataract 
could  only  form  after  an  injury  to  the  capsule,  and  where  it  had  been 
made  posf^ible  for  cells  of  the  mesoderm — that  is,  connective  tissue  cells — 
to  gain  entrance,  and  thus  further  produce  connective  titssue  cells;  and 
thus  he  positively  asserts  that  capsular  cataracts  is  a  connective  tissue 
structure.  Leber  ^  bases  his  utterances  on  examination  made  on  capsular 
cataracts  experimentally  produced.  He  expressly  states,  that  he  excluded 
all  elements  which  might  have  entered  from  without.  Notwithstanding 
this,  he  designates  the  tissue  of  a  "true"  or  "genuine"  capsular  cataract  as 
connective,  tissue-like,  and  states  that  he  verified  to  his  own  satisfaction 
"that  from  a  tissue  which  originates  from  the  ectoderm,  hence  which  is  a 
true  epithelial  tissue,  a  substance  can  be  produced  which  has  the  structure 
of  connective  tissue."  Becker  struck  the  proper  chord,  when  he  pointed 
out,  that  this  question  would  eventually  be  settled  as  the  result  of  chemical 
investigation. 

The  question  presents  different  features  when  there  has  been  a  solu- 
tion of  continuity  of  the  capsule.  Here  one  can  not  so  easily  exclude  the 
entrance  of  foreign  elements.    Xevertholess,  as  the  result  of  two  series  of 


4  "Discussion  sur  la  Cataracte  Capsulalre."   Compte  rendu  du  Gongres  Pe- 
rlodlque  Internat.  d  Opthal.  de  Milan,  1881. 

5  "Zur  Patliol.  der  Linse."   Zehender's  Klin.  Monatsblatt.   Beilaghef t,  p.  33. 
Verb,  der  Heidelberg  Gesell,  1878. 
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experimental  investigations  pursued  under  the  direction  of  Prof;  Leber, 
R.  Wengler,^  and  R.  Schuehard,^**  the  position  was  taken  that  capsular 
circatrices  are  due  to  a  hyperphasia  of  capsular  epithelium,  whereas  in  a 
later  work  by  C.  Schlosser^  the  old  view  is  asserted  that  the  cicatrix  is 
of  connective  tissue  origin.  He  states  that  the  capsular  cicatrix  is  made 
up  of  connective  tissue  fibres,  the  only  poriion  which  is  of  epithelial  origin 
being  the  layer  of  epithelial  cells  and  the  structureless  membrane  which, 
separates  the  cicatrix  from  the  lens  proper.  But  he  ignores  entirely  the 
question,  from  whence  these  connective  tissue  cells  may  come.  This  whole 
subject  has  finally  been  most  sgientifically  investigated  by  Otto  Schirmer.^ 
He  first  studied  the  formation  of  ari:ificially  produced  capsular  cicatrices 
in  rabbits^  eyes. 

CAPSULAR  CICATRICI^. 

Immediately  upon  rupturing  the  capsule,  the  aqueous  acts  on  the 
lens  fibres,  causes  them  to  swell  up,  and  unless  the  rupture  is  very  great, 
the  opening  is  soon  plugged  up  by  a  thin,  fibrinous  covering  which  clothes 
the  point  where  the  defect  in  the  capsule  exists.  Examinations  made  dur- 
ing the  first  few  days  show  present  in  this  fibrinous  exudate  two  kinds  of 
nuclei;  first,  degenerated  forms  of  epithelial  and  lens  fibre  nuclei,  and  sec- 
ond, a  few  leucocytes.  Schirmer  states  that  he  found  a  fully  formed 
cicatrix  as  eariy  as  the  third  day.  He  looks  upon  this  regenerative  process 
as  the  result  of  a  hyperphasia  of  the  capsular  epithelium  because:  First, 
the  defect  heals  from  the  margin;  second,  the  cicatrix  gradually  goes  over 
the  normal  capsule;  third,  because  at  the  beginning  the  cicatrix  has  a  pe- 
culiar structure  consisting  of  spindle  cells  without  the  presence  of  an 
intercellular  substance;  fourth,  because  of  the  possibility  of  demonstrating 
all  the  gradual,  intermediate  steps  between  epithelial  and  spindle  cells; 
fifth,  the  epithelial  appearance  of  the  nuclei  in  the  cicatrix;  sixth,  the  lack 
of  pigment;  and,  finally,  seventh,  because  of  the  relatively  small  number  of 
cells  found  in  the  fibrinous  membrane  which  have  a  different  appearance 
from  the  general  mass  of  cells  found  in  the  cicatrix.'' 

Following  the  formation  of  the  cicatrix,  the  fibrinous  veil  on  the  sur- 
face is  absorbed  by  the  aqueous,  and  no  doubt  the  cells  which  it  encloses 
are  destroyed  at  the  same  time.    In  the  course  of  the  next  few  weeks  this 

6a  Uber  die  Ueilungs  Vorgange  nach  Verletzungen  der  Vodern  Linsenkapsel. 
Inaug.  Dissert,  Goettlngen,  1874. 

5b  "Zur  Path.  Anatomie  der  Discission."    Inaug.  Dissert,  Goettlngen,  1878. 

6c  ExperimenteUe  Studle  uber  Traumatlsche  Cataract.    Munchen,  1887. 

6  "HIstologlsche  und  Histochemlsche  I'ntersuchungen  uber  das  Physlolo- 
glsche  Wachsthiim  und  nie  Structure  der  Vodern  Linsenkapsel."  Otto  Schirmer, 
Graef  Arch.,  XXXV.  B.  1,  1889. 
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cicatrix  gives  one  the  impression  of  becoming  smaller.  About  the  middle 
of  the  first  month,  one  observes  that  the  epithelium  gradually  extends  as 
a  single  layer  over  the  inner  surface  of  the  cicatrix,  until  it  finally 
entirely  covers  in  the  cicatrix.  At  once  the  epithelium  begins  to  excrete 
a  vitreous  lamella  of  new  capsular  substance,  which  gradually  increases  in 
thickness,  and  in  every  case  this  new-formed  substance  can  be  followed 
for  a  certain  distance  on  to  the  old  capsule.  In  the  beginning  we  are 
dealing  with  spindle  cells,  later  they  are  imbedded  in  a  hyaline  substance 
which  the  spindle  cells  excrete.''  In  course  of  time  the  nuclei  all  disap- 
pear and  there  is  left  a  homogenous  cicatrical  tissue,  covered  by  a  layer 
of  epithelial  cells  and  the  vitreous  lamella,  and  with  this  stage,  the  process 
of  the  formation  of  a  capsular  cicatrix  is  completed.  As  a  rule,  the  injury 
causes  a  minute,  circumscript  area  of  disintegration  of  lens  tissue,  sur- 
rounded by  transparent  lens  substance,  and  as  the  new  lens  fibres  develop 
and  increase  in  length  and  extend  toward  the  anterior  pole,  they  force 
their  way  between  the  cicatrix  and  the  mass  of  detritus,  so  that  a  "cavity 
of  detritus"  is  formed  which  is  gradually  forced  toward  the  centre  of  the 
lens. 

TRUE  CAPSULAR  CATARACT. 

Here  there  has  never  been  a  rupture  of  the  capsule,  hence  there  can 
be  no  question  as  to  the  origin  of  the  new  structure,  it  being  the  result 
entirely  of  the  hyperplasia  of  epithelial  cells.  It  is  immaterial  whether 
this  be  a  congenital  formation;  that  is,  developed  during  foetal  life;  whether 
it  develop  during  childhood,  be  the  result  of  a  blenorrhoea  neonatorum 
or  otherwise  caused  corneal  perforation,  a  primary  cataract  formation,  or 
secondary  to  senile  cataract,  or  whether  it  be  a  partial  phenomenon  of  a 
cataracta  cousecutiva  or  the  principal  portion  of  a  cat arada  secundaria  (qHYI 
to  be  considered)  or  of  a  traumatic  cataract  (as  has  been  demonstrated 
above),  all  are  the  result  of  a  hyperphasia  of  the  capsular  epithelium, 

Becker  states  (Anatomic,  p.  75).  "Depending  on  some  cause  as  yet 
unknown  to  us,  this  hyperplasia  may  at  once  undergo  a  retrogressive 
metamorphosis,  and  as  a  result  of  a  repetition  of  the  original  process  lead 
to  the  formation  of  a  capsular  cataract  of  a  greater  or  less  thickness."  The 
original  hyperplasia  of  epithelial  cells  may  be  looked  upon  as  the  frst 
sta^e.  Next,  these  cells  elongate  and  take  on  spindle  shapes,  not  connective 
tissue),  and  imbed  themselves  in  a  peculiar  hyaline  substance  which  they 
themselves  excrete,  and  this  forms  the  second  stage.  This  is  followed  by  a 
surface  growth   across  this  new  formation  of  the   normal  capsular  epi- 


TLeber— "Zur  Pathologie  der  Linse."    Bericht  der  11th  Opth.  Gesellshaft, 
Heidelberg,  1878. 
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thelium,  the  third  stage,  and  finally  this  normal  epithelium  excretes  a 
hyaline  substance,  exactly  like  the  true  capsular  substance,  the  fourth 
stage.  If  the  causative  factor  continues,  a  second  capsular  cataract  may 
develop  from  this  epithelial  layer,  etc.  Becker  tried  hard  to  prove  that 
the  membrane  which  covers  the  capsular  cataract  is  derived  from  a  splitting 
of  the  true  capsule.  Schirmer,  however,  showed  that  this  theory  is  not 
tenable,  because,  first,  "this  is  an  excretion  of  the  capsular  epithelium; 
secondly,  why  should  it  be  possible  for  cells  to  get  in  between  the  layei-s 
and  split  the  vitreous  lamellae  from  within,  when  it  \\s&  been  shown  to  be 
an  impossibility  to  do  so  from  without?  Further,  these  splits  could  only  be 
followed  as  fine  lines,  but  no  one  ever  observed  a  veritable  separation,  nor 
has  anyone  ever  recorded  the  observation  of  the  beginning  of  such  a  split." 
The  fact  that  one  seldom  finds  the  capsular  cataract  completely  covered 
with  epithelium  is  possibly  due  to  the  growth  of  the  cataract.  The  age  of 
the  patient  may  play  an  important  role,  for  Schirmer  noted  that  in  senile- 
cataracts  the  epithelial  covering  of  the  capsular  cataract  is  not  so  com- 
plete as  in  the  complicated  cases  which  occur  most  frequently  in  younger 
individuals. 

The  structure  of  the  true  capsular  cataract  bears  a  striking  likeness 
to  connective  tissue.  Teased  specimens  morphologically  were  shown  tD 
have  the  same  structure  as  the  capsular  cicatrices. 

Schirmer,  using  Ewald  and  Kuhne's  digestive  method  (referred  to  on 
page  2())  as  his  main  stay,  chemically  tested  capsular  cicatrices  and  cap- 
sular cataracts  and  found  them  both  to  consist  of  identical  tissue,  which 
does  not  give  the  same  reaction  as  connective  tij^sue.  Both  gave  the  same 
reaction  as  the  capsule,  a  not  inconsiderable  proof  that  the  capsule,  as  well 
as  its  pathological  formations,  are  derived  from  the  same  source,  namely, 
products  of  the  epithelium  of  the  anterior  capmile, 

Schirmer,  using  a  very  simple  apparatus,  made  his  experiments  In  the  fol- 
lowing manner:  Two  small  dishes,  one  a  llttlo  larger  than  the  other,  were 
placed  on  top  of  each  other,  so  as  to  form  a  wet  chamber.  A  third  smaller  one 
was  placed  inside  of  these,  and  this  latter  was  covered  with  a  glass  slide.  Dur- 
ing the  experiments  just  sufficient  fluid  (salicylic  acid  solution,  0.5  percent.)  was 
placed  In  the  wet  chamber  so  as  just  to  touch  the  glass  slide.  The  digestive 
process  was  either  carried  on  In  the  small  dish,  or  more  frequently  on  the  glass 
slide.  In  the  latter  method,  the  cover  glass  was  supported  on  the  one  side  by 
a  piece  of  glass  fastened  to  the  slide,  thus  forming  a  triangular  chamber,  in 
which  the  object  to  be  tested  was  placed,  and  here  it  could  likewise  be  ob- 
served under  high  powers  of  the  microscope.  The  digestive  solution  was  made 
from  the  extract  of  the  pancreas  of  the  calf,  to  which  was  added  five  times  its 
weight  of  a  0.5  per  cent,  solution  of  salicylic  acid,  and  then  kept  for  several 
hours  at  40  degrees  C,  and  after  this  had  cooled  It  was  filtered. 
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He  first  verified  Kuhne's  experiments,  and  also  found  that  connective  tissue 
is  not  digestable;  but  that  it  is  easily  digestable  if  previously  acidulated,  and 
then  heated  to  70  degrees.  Control  experiments  were  made  at  the  same  time  with 
normal  capsular  substance.  Normal  capsules  of  pigs'  and  rabbits'  lenses  were 
easily  digested  in  from  five  to  six  hours.  Allowing  them  to  remain  In  alcohol 
for  eight  days  did  not  alter  this  power,  whereas,  if  allowed  to  remain  for  several 
months,  the  tissues  were  decidedly  more  resistent,  and  always  left  a  flaky  mass 
behind.  If  the  sections  were  imbedded  in  celloidiu.  they  could  be  left  for  days 
in  the  digestive  fluid  without  being  acted  on.  Since  alcohol  and  ether  did  not 
delay  the  digestion,  one  must  assume  that  the  celloldln  penetrated  the  tissue 
and  made  it  indlgestable.  If  the  capsule  was  previously  treated  with  1  per 
cent,  osmic  acid  solution,  then  washed  out  in  water,  the  capsule  became  more 
resistant,  and  all  the  more  so  the  longer  the  capsule  had  remained  in  the  osmic 
acid. 

Capsular  cicatrices  and  capsular  cataracts  gave  Identically  the  same  reac- 
tion to  trypsin  as  did  the  normal  capsule. 

The  Boiling  JUxperiment. —It  Is  w^ell  known  that  boiling  will  lead  to  a  solution 
of  fibrillae.  and  on  cooling  lead  to  the  formation  of  a  Jelly.  According  to  Arnold 
and  Ritter,8  after  boiling  for  several  hours,  a  solution  does  take  place,  but  no 
jelly  forms  on  cooling.  One  centimeter  of  water  is  suflScient  to  dissolve  the 
anterior  capsule.  Capsular  cataracts  and  capsular  cicatrices  showed  the  same 
properties,  but  did  not  form  a  Jelly  on  cooling.  Thin  pieces  of  connective  tissue 
allowed  to  swell  up  in  a  1  per  cent,  solution  of  sulphuric  acid;  here  the  fibrillae 
dissolve  in  water  at  40  degrees  C,  and  the  floccull  which  remain  consists  of 
elastic  tissues  and  cells.  The  capsule,  capsular  cicatrices  and  capsular  cata- 
racts do  not  dissolve  in  similar  treatment. 

The  slight  resistance  of  the  capsule  to  strong  acids  Is  well  known,  especially 
to  nitric  acid,  which  in  but  moderative  concentration,  can  bring  about  solution. 
The  same  is  true  of  capsular  cicatrices  and  capsular  cataracts.  The  reaction 
is  especially  characteristic  as  compared  with  elastic  tissue. 

Schirmer's  conchisions,  which  are  generall}'  accepted  today,  are  as 
follows: 

"First.  Capsular  cataracts  and  capsular  cicatrices  develop  from  the 
anterior  capsular  epithelium  without  the  aid  of  other  tissues. 

"Second.  Both  are  a  tissue  sui  generis,  morphologically  like  con- 
nective tissue,  chemically  differing  from  this,  but  both  capsular  cicatrices 
and  cataracts  are  alike. 

"Third.  Chemically,  aside  from  the  cells,  both  are  identical  i^dtb  the 
capsular  substance.     Morphologically,  both    forms    of    capsular    cataracts 


8  Die  Linse  und  das  Strahlen  Platchen.    Graef  Saemlsch  Handbuch,  Bd.  1, 
S.  288  and  216.  1874. 


94 

consist  of  elongated  (T^and-like')  cells,  which  are  imbedded  in  a  vitreous- 
like  substance.    Xhe  latter  is  a  product  of  the  former. 

^'Fourth,  The  pigment  which  is  at  times  found  in  the  cicatrix  is  de- 
rived from  the  iris,  and  is  largely  carried  there  by  the  leucocytes. 

''Fifth,  The  delicate  vitreous  lamella  which  is  found  in  the  older 
capsular  cicatrix  and  capsular  cattiracts  is  excreted  by  the  epithelial  cov- 
ering, which  in  such  cases  is  always  found  between  the  cicatrix  and  the 
cells.    This  lamella  grows  with  the  age  of  the  cicatrix. 

''Sixth,  If  this  lamella  can  be  followed  into  the  capsule  adjacent  to 
the  cicatrix  or  capsular  cataract,  one  will  note  that  this  is  not  a  split  in  the 
original  capsule,  but  that  this  capsular  substance  is  likewise  newly  formed. 
The  line  of  demarcation  between  the  old  and  the  new  capsular  substance 
is  the  optical  expression  of  an  interference  with  the  regular  and  continuous 
excretion  by  the  capsular  epithelium." 

Foreign  substances  enclosed  in  the  capsular  cicatrices  and  cataracts, 
Becker  states,^  "with  the  exception  of  calcareous  concretions,  and 
rarely  observed  cholesterine  crystals  and  very  peculiar  highly  refracting 
masses,  which  for  want  of  a  better  name  he  designated  as  colloid,  no  other 
substances  are  found.  These  are  to  be  looked  upon  as  the  result  of  disinte- 
gration and  precipitation,  and  of  chemical  decomposition  in  the  already 
formed  cataracfts,  hence  formed  in  situ,'' 

"It  is  worthy  of  especial  mention  that  the  calcareous  deposits  are 
always  around  the  cellular  elements  in  the  intei-cel hilar  spaces  in  the  form 
of  amorphous  granules,  but  at  times  they  form  veritable  deposits  even  to 
actual  formation  of  stalactites  as  H.  Muller  expresses  it.  This  expression, 
however,  may  only  be  correct  as  far  as  the  form  goes,  for  stalactites  are 
always  crystalline  structures  and  I  have  never  seen  calcareous  crystals  iu 
the  lens."    (Becker,  p.  77). 

As  long  ago  as  1858,  Muller  stated  that  the  capsule  formed  an  abso- 
lute barrier  against  the  entrance  of  foreign  elements.  Becker  likewise  con- 
tended that  as  long  as  the  capsule  remained  intact  it  formed  an  absolute 
barrier  against  the  entrance  of  any  foreign  body.  At  one  time  it  was  sup- 
posed that  the  capsule  of  the  lens  possessed  stomata,  (Morana),  then  again 
it  was  supposed  that  tlie  white  blood  corpuscles  could  pass  through  the  cap- 
sule by  diapedesis.  Deutschman  ^^  quotes  Floriani  ^^  as  expressing  himself 
in  favor  of  the  endogenous  formation  of  pus.     Deutschman,  however,  de- 


9  Anatomie,  p.  77. 

10  "Die  Veranderungen  in  der  LInse  bei  Eiterprocessen  Im  Auge."    Arch.  f. 
Opth.,  Bd.  XXVI,  1,  p.  134. 

11  Studio  Expert mentelle  Sulla  Inflammatione  del  Cristailino.    Anna  dl  Ottal, 
1871,  p.  145-189. 
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nies  this,  and,  like  Julie  Sinclair,^^*  he  explicitly  states  that  the  entrance 
of  pus  is  always  preceded  by  destruction  of  the  capsule.  Since  the  lens  is 
an  epithelial  structure,  the  pus  cells  must  come  from  without.  In  cases 
where  there  had  been  an  injury  to  the  capsule,  their  presence  was  easily 
explained,  but  it  has  been  known  for  a  long  time  that  there  are  cases  of 
spontaneous  purulent  inflammation  in  which  the  presence  of  the  pus  cells 
could  not  be  so  easily  explained.  The  question  to  be  decided  was,  did  the 
cells  wander  through  the  capsule  by  diapedesis,  or  was  the  capsule  first 
destroyed  as  the  result  of  a  "melting  away"  of  the  tissue? 

In  his  experimental  investigations,  Deutschman  (quoted  as  above) 
demonstrated  that  a  local  perforation  and  softening  of  the  capsule  did 
occur,  and  that  entrance  to  the  pus  cells  was  thus  given,  and  he  concluded 
that  before  this  occurred  not  a  single  pus  cell  could  enter,  though  the  lens 
be  imbedded  in  pus.  Both  Leber  ^  and  Wagenman  ^'  corroborated  these 
investigations.  Leber  states:  "Aside  from  the  larger  holes,  numerous 
microscopical  perforations  are  observed,  in  which  solitary  or  groups  of  cell? 
are  found,  and  between  these  cocci."  Wagenman  suggested  that  it  ap- 
peared as  though  the  cocci  first  entered  the  capsule,  and  that  the  pus  cells 
then  followed.  Otherwise,  he  states,  it  would  be  difiicult  to  explain  why 
these  perforations  should  occur  in  circumscribed  areas,  rather  than  attack 
the  entire  surface  of  the  capsule  to  an  equal  degree.  Thus  there  still  re- 
mained to  be  explained,  what  it  is  that  produces  this  softening  and  "melt- 
ing down"  of  the  capsule.  This  Leber  has  done  in  his  exhaustive,  critical 
and  experimental  work,  "Die  Entstehung  der  Entzundung  und  der 
Wirkung  der  Entzundung  erregenden  Schadlichkeiten,"  Leipsig,  1891;  and 
he  has  made  it  the  subject  of  special  observation  and  criticism  in  the  38th 
chapter,  "Purulent  softening  and  ^melting  down^  of  tissues."  He  states 
(p.  528)  that  "a  purulent  exudate  free  of  microbes  contains  an  enzym 
which  has  a  fluidifying  effect  on  fibrin,  gellatin  and  dead  animal  tissue; 
that  this  enzym  is  produced  by  the  leucocytes,  but  acts  independently  of  them 
on  surrounding  tissues.  In  purulent  inflammations  this  enzym  is  the  prin- 
cipal factor  in  dissolving  fibrin  and  animal  tissues,  and  also  in  preventing 
the  coagulation  of.  fibrin.  The  prevention  of  coagulation  is  due  to  the  fact 
that  the  fibrinogen  in  the  exudate  or  the  already  coagulated  fibrin  is  con- 
\orted  into  a  non-coaguble  pepton-like  substance  by  the  action  of  the 


iia  Experimentelle  Untersuchungen  ur  Genese  der  Erworbenen  Kapsel  Cat- 
aract.   Inaug.  Dissert,  1876. 

l2Berlcht  uber  die  XX  Vers..  d*Opth.  Gessel,  1889.  Zehender's  M.,  B.  1, 
XXVII,  Bellagh  Heft.,  8^5. 

13  "Uber  die  von  Operatlonsnarben  und  Vernarbten  Iris  vorfallen  augehende 
Glaskorper  elterung."   Von  Graef  Arch.,  XXXV,  4,  S.  140-144,  1889. 
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enzym  produced  by  the  pus  cells."  He  further  expresses  tlie  belief  that 
the  solution  of  organic  substances  taken  up  in  the  cells,  which  Metschnikolf 
designates  as  intracellular  digestion,  is  possibly  due  to  the  action  of  the 
same  enzym  hs  the  above-described,  in  the  extracellular  processes  of  solu- 
tion. Leber  uses  the  expression  histolyse  to  designate  this  purulent  soft- 
ening and  melting  down  of  tissue.  This  he  ascribes  to  chemical  changes 
similar  in  their  action  to  the  processes  of  digestion.  The  changes,  he  con- 
tends, are  essentially  chemical  in  their  nature  and  dependent  on  the  action 
of  a  ferment.  ^'Chemical,  not  mechanical  forces  have  the  power  of  con- 
verting firm  organic  substances  into  the  fluid  state,  and  the  microscopical 
examination  of  tissues  undergoing  purulent  infiltration  demonstrates  thac 
its  elements  arc  undergoing  a  chemical  change."  Xumerous  investigators 
contend  that  the  enzym  is  produced  by  the  micro-organisms,  but  Leber 
contends  that  though  the  microbes  may  take  part  in  hastening  the  disin- 
tegration of  tissues,  the  essentially  active  principle  is  derived  from  the 
leucocytes. 

Though  the  subject  is  not  as  yet  absolutely  settled,  nor  as  yet  fully 
explained,  we  may  nevertheless  look  upon  this  ferment,  this  enzym,  as  the 
essential  factor,  which,  acting  on  the  capsule,  digests  it  and  thus  prepares 
the  way  for  the  pus  cells  to  gain  entrance  into  the  lens. 

CHAPTER  IV. 

THE  GENEEAL  PATHOLOGY  AND  PATHOGENESIS  OF  THE 

LEXS. 

I. 

THE  PROGRESSIVE  CHANGES  IN  THE  LENS. 

Becker  states,  "In  all  the  non-traumatic  cataracts  which  he  examined 
he  obseiTcd  a  new  cellular  formation,  exceeding  the  normal,  \vhich  was 
derived  from  the  capsular  epithelium."  Exceptionally,  he  observed  this 
condition  in  the  lenses  of  individuals,  which  during  life  had  shown  no 
signs  of  cataract.  If  we  will  now  consider  this  as  the  most  important  fact 
so  far  settled,  the  duty  remains  to  discover  the  cause,  which  incites  this 
hyperplasia  of  capsular  cells  during  the  formation  of  a  cataract.  As  we  have 
seen,  this  abnormal  cellular  production  discloses  itself,  first,  as  a  hyper- 
phasia  of  the  capsular  epithelium,  which  is  fidded  to  the  formation  of  hya- 
line excresences;  second,  as  a  hyperphasia  of  the  capsular  epithelium,  lead- 
ing finally  to  the  formation  of  a  capsular  cataract;  third,  in  the  formation 
of  large  vesicular  cells:  fourth,  in  the  formation  of  an  epithelial-hke  cover- 
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ing  which  clothes  the  inner  surface  of  tlie  posterior  capsule.  All  varieties 
of  new  cellular  formations  are  observed  in  the  different  forms  of  grey  cata- 
ract, though  in  vai*ious  degrees  and  under  various  conditions.  It  is  a 
remarkable  fact,  however,  that  entirely  different  causes  within  and  outside  of 
the  lens  lead  to  similar  formations, 

1.  CAUSES  OF  THE  ABNORMAL  NEW  CELLULAR  FORMATIONS 
IN  SENILE  CATARACT. 
In  the  early  chapters  of  this  work,  special  stress  was  laid  on  thti 
pressure  which  the  closed  lens  capsule  exerts  on  the  form  and  size  of  the 
individual  lens  fibres,  as  well  as  on  the  entire  architecture  of  the  lens.  A» 
age  advances,  the  lens  gradually  becomes  more  rigid  and  the  capsule  less 
elastic,  and  in  consequence  of  the  increasing  pressure,  this  at  first  impedes 
and  gradually  leads  to  entire  cessation  of  increase  in  its  volume.  After  the 
pressure  reaches  a  certain  degree,  the  cells  lose  their  power  of  undergoing 
cell  division. 

The  degree  of  intracapsular  pressure  is  dependent  on  the  relation 
which  two  processes  bear  to  each  other,  during  the  entire  period  of  growth 
of  the  lens.  These  are  the  actual  processes  of  physiological  growth;  as  see^i 
in  the  increase  of  the  capsular  epithelium,  the  formation  of  new  lens  fibres, 
and  the  resulting  increase  of  surface  space  of  the  capsule  and  the  total  in- 
crease in  the  volume  of  the  lens;  and  subsequently  the  physiological  retro- 
gression of  the  lens  fibres,  which  as  soon  as  they  have  reached  the  rays  of 
the  star  figure  of  the  lens  and  have  completed  their  growth,  begin  to 
undergo  retrograde  changes  in  all  three  dimensions.  The  first  process  pro- 
duces an  increase  in  volume,  whereas  the  second  produces  a  reduction  in 
volume.  As  age  advances,  the  phenomena  of  growth  become  less  active, 
whereas  those  of  retrogression  become  more  apparent,  the  more  the  ele- 
ments are  affected.  From  this  it  must  follow,  generally  speaking,  that  t 
period  will  be  reached,  when  both  processes,  relative  to  their  influence  on 
the  lens,  will  be  evenly  balanced. 

Priestly  Smith,  basing  his  statement  on  a  series  of  weighings,  found 
that  under  normal  conditions  this  period  is  only  reached  in  very  advanced 
life.  Up  to  the  ninetieth  year,  he  always  found  a  number  of  lenses  which 
showed  a  steady  increase  both  in  weight  and  volume.  This  is  in  accord 
with  the  anatomical  examinations,  also  with  the  steady  and  gradual  de- 
crease in  the  width  of  accommodation.  The  former,  as  well  as  the  latter, 
indicate  that  there  must  be  a  true  balance  between  these  two  antagonistic 
processes,  though  in  fact  this  is  only  reached  in  very  extreme  age. 

Priestly  Smith  also  found  a  less  number  of  senile  lenses,  as  compared 
with  other  lenses  taken  from  individuals  of  the  same  age  which  were  more 
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or  less  cataractoiis,  or  differently  expressed,  he  found  that  all  cloudy  lenses, 

even  those  which  were  hut  partially  cloudy  had  a  reduced  volume. 

After  that  which  has  been  said  in  a  previous  chapter,  we  can  only  seek 
for  this  cause  of  reduction  in  volume  in  the  chemical  conditions  of  the 
nucleus  of  the  cataract  as  compared  with  that  of  the  non-chudy  lens, 
(Page  67.) 

The  capsule  and  its  adherent  peripheric  lamellae  as  f^r  as  the  elasticity 
of  tlie  capsule  and  its  connection  with  the  zonula  will  permit,  will  follow 
the  gradual  decreasing  volume  of  the  lens.  But  this  naturally  also  has  its 
limit.  If  this  is  once  reached,  the  intracapsular  pressure  begins  to  fall,  and 
with  this,  one  of  these  causes  wiiich  limited  the  production  of  new  cells 
within  the  capsule  begins  to  be  limited,  and  finally  abolished. 

As  we  have  seen,  there  are  always  a  number  of  epithelial  cells  which,  not- 
withstanding the  changes  of  physiological  retrogression,  still  retain 
their  viability  and  power  of  proliferation. 

But  with  the  reduction  of  the  pressure,  the  laws  of  formation  are 
changed,  and  tJie  formative  process  becomes  perverse.  At  the  equator,  con- 
ditions develop  similar  to  those  observed  subsequent  to  a  cataract  opera- 
tion, where  the  so-called  "crystalline  pearl"  of  Sommering  develops  in  the 
pockets  of  the  capsule.  Here  the  cells  along  the  whorl  increase  in  size^ 
forming  large,  irregularly  shaped  vesicular  cells.  Along  the  anterior  cap- 
sule, the  jiew-fomied  cells  do  not  push  themselves  in  between  the  older 
and  force  these  more  toward  the  equator,  but  the  young  cells  are  either 
forced  inward  and  swell  up,  forming  large  vesicles,  or  they  undergo  hyper- 
plasia, forming  a  capsular  cataract.  Finally,  after  destroying  the  whorl  and 
loosening  up  the  fibres  from  the  posterior  capsule,  these  new-formed  cells 
are  pushed  over  the  posterior  capsule,  thus  forming  a  sort  of  epithelial 
covering  for  the  same.  Notwithstanding  the  great  morphological  differ- 
ence, vesicular  cells  may  secondarily  be  developed  from  these  cells;  also 
true  capsular  cataracts. 

Becker  ^  drew  attention  to  the  peculiar  circumstance  that  in  the  forma- 
tion of  Sonimering's  crystalline  pearl,  the  secondary  cataract  was  formed 
from  the  epithelial  cells  derived  from  the  w^horl.  These  cells,  after  having 
remained  almost  totally  inactive  for  many  years,  suddenly  undergo  active 
reproduction  again.  One  might  almost  suppose  that  the  impetus  to  the 
regeneration  is  due  to  the  entrance  of  foreign  eleinents,  which  gain  en- 
trance after  the  capsule  is  opened.  The  absence  of  proper  relations  of 
pressure,  is  certainly  one  of  the  causes  of  the  hyperplasia  of  cells  and  the 
fonnation  of  a  secondary  cataract. 


1  "Krystalwulst."   Zehender's  KHn.  Monatsblatter,  1875.  p.  445. 
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The  contents  of  the  lens  capsule  can  never  he  made  up  of  cells  other 
than  epithelial  cells,  except  when  the  capsule  has  been  ruptured. 

The  secondary  cataracts  may  be  divided  into  two  classes:  First,  the 
simple  secondary  cataract,  in  which  the  cataract  is  the  result  of  a  hyper- 
plasia of  the  epithelial  cells  which  line  the  anterior  capsule.  This  is  a  true 
epithelial  structure. 

Second,  the  acute  and  inflammatory  secondary  cataract  is  one,  which, 
per  example,  follows  an  iritis  in  which  anterior  synechia  form,  large  num- 
bers of  leucocytes  are  thrown  out,  fibrin  is  formed  on  the  capsule;  this 
gradually  undergoes  a  formative  process,  and  ad  a  result  a  membrane  is 
formed  on  the  external  surface  of  the  anterior  capsule.  This  is  a  con- 
nective tissue  formation, 

2.  THE  CAUSES  OP  THE  NORMAL  NEW  CELLULAR  FORMA- 
TIONS  IN  CONSECUTIVE  CATARACTS. 

As  consecutive  cataract,  we  designate  every  variety  of  cataract  which 
can  be  diagnosticated  both  clinically  and  anatomically  as  a  disease  of  the 
eye,  and  which,  with  a  certain  degree  of  regularity,  occurs  as  a  complication 
of  some  general  disease  process  of  the  body,  and  which  has  also  been  shown 
to  occur  as  a  complication  of  disease  in  other  portions  of  the  eye.  Hence 
all  cataracts  occurring  in  both  eyes  of  an  individual  due  to  constitutional 
diseases  (diatheses),  also  all  total  cataracts  due  to  chronic  or  acute  diseases 
of  an  eye,  and  all  partial  cataracts  which  occur  subsequent  to  the  local 
action  of  a  disease  of  the  eye,  belong  to  this  category. 

All  of  these  diseased  conditions  lead  to  an  abnormal  production  of 
cells  inside  of  the  capsule. 

A,  CONSTITUTIONAL  CATARACT. 
a.  CATARACTA  DIABETICA. 

Of  all  the  cataracts  said  to  follow  a  diathesis,  the  one  said  to  occur 
during  diabetes  mellitus  has  been  most  positively  determined.  By  the 
demonstration  of  the  fact,  that  sugar  is  present  in  the  vitreous  and  in  the 
lens,  the  abnormal  condition  of  the  nutritive  supply  to  the  lens  has  been 
proven.  The  formation  of  the  vesicular  cells  which  have  been  observed 
in  diabetic  cataract  can  only  be  ascribed  to  this  abnormal  nutritive  supply. 
However,  since,  in  all  cases  of  diabetic  cataract,  a  large  increase  in  the 
volume  of  the  lens  has  been  observed  clinically,  and  since  it  has  been 
shown  this  is  due  to  the  taking  up  of  water,  it  would  be  possible  for  this 
unusual  condition  to  lead  to  a  softening  and  swelling  up  of  the  capsule 
and  also  to  a.  passing  reduction  of  the  intracapsular  pressure.    We  would 
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then  have  as  favorahle  conditions  for  the  hyperplasia  of  cells,  a  reduction 
of  hindrance  to  growth^  and  an  increased  amount  and  ahnormal  constitu- 
tion of  the  i>utritive  fluids.  At  the  same  time,  attention  is  drawn  to  the 
fact,  that  a  large  part  of  the  fluid  contained  within  the  capsule  does  not 
enter  with  the  nutritive  supply  in  the  physiological  way,  but  by  diflfusion 
through  both  the  anterior  and  posterior  capsule. 

h  CATARACTA  CHORIOIDEALIS. 

The  total  cataracts  which  occur  subsequent  to  disease  of  the  posterior 
segment  of  the  eyeball  are  especially  prone,  as  Iwanoff^  noted,  to  the 
formation  of  enormous  intracapsular  hyperplasiaB,  both  in  those  cases  in 
which  the  lens  is  surrounded  by  the  fluid  media,  as  well  as  in  those  in 
which  abnormal  connections  have  been  formed  as  the  result  of  detach- 
ment of  the  retina,  intraocular  tumors,  cyclitic,  iridocyclitic  or  iritic  bands 
of  new-formed  tssue,  or  as  the  result  of  simple  iritic  adhesions. 

Since  the  final  result  of  all  these  cells  is  the  same  in  all  the  above- 
named  conditions,  it  might  be  correct  to  seek  the  cause  in  a  pathologically 
changed  nutritive  material,  which  is  carried  to  the  lens  and  which  is  the 
real  cause  of  the  hyperplasia  of  the  cells.  In  cases  of  extensive  adhesions, 
interference  with  the  exchange  and  the  giving  oflE  of  products  of  decomposi- 
tion must  Ukewise  be  considered.  Contact  with  the  capsule  may  lead  to 
softening  and  thus  permit  of  an  abnormal  entrance  of  nutritive  fluid,  and 
thus  lead  to  a  hyperplasia  of  the  intracapsular  epithelium.  Often  but  a  few 
days  are  requisite  for  the  entire  posterior  capsule  to  become  covered  on  its 
inner  surface  with  a  layer  of  epithelium. 

c.   CONSECUTIVE  PARTIAL  CATARACT. 
ANTERIOR  POLAR  CATARACT. 

For  the  present  let  us  ignore  the  congenital  forms  of  anterior  axial 
cataract.  In  the  acquired  form  of  anterior  polar  cataract,  the  conditions 
are  such,  that  following  a  perforation  of  the  cornea  and  evacuation  of  the 
aqueous,  the  pupillary  'portion  of  the  anterior  capsule  comes  in  contact 
with  the  surface  of  the  ulceration.  A  relatively  short  time  is  sufficient  to 
arouse  the  cells  lying  at  this  point  inside  the  capsule  to  undergo  a  hyper- 
plasia. The  localized  extent  of  this  new  formation  permits  us  to  conclude 
that  this  has  resulted  from  a  localized  cause.  Further,  it  is  certain  that 
at  this  point,  we  are  dealing  with  a  nutritive  flow  which  is  both  abnormal 
in  its  direction,  and  in  its  constitution.    There  can  be  hardly  a  doubt,  but 


2  ''Beitrag  zur  Patbologischen  Anatomie  des  Hornhaut  und  Linsenepithels." 
Pagenstecber's  Kiln.  Beobaehtungen,  Bd.  Ill,  p.  126. 


that  the  contact  with  the  pathological  secretion  of  an  ulcer,  softens  th*; 
capsule  in  a  circumscribed  area,  (MuUer),  that  it  becomes  less  resistant  and 
places  the  cells  on  its  inner  surface  in  a  condition  of  reduced  pressure. 
The  change  of  form  which  the  capsule  assumes,  in  the  formation  of  a 
catarada  pyrafnidalia  seems  to  be  favorable  to  this  theory.  However,  the 
increased  and  pathological  condition  of  the  nutritive  fluid  will  surely  take 
a  greater  part  in  the  cause  of  this  hyperplasia,  than  the  reduction  of 
tension.  Furiiher,  one  must  not  forget  that  this  form  of  cataract  is  most 
frequently  seen  in  youthful  individuals,  in  whom  undoubtedly  the  cells 
more  easily  divide  and  increase. 

Those  cases  of  pathological  hyperplasia  of  the  intracapsular  cells 
which  develop  after  corneal  ulcers  and  chronic  inflammatory  processes  of 
the  whole  eye,  especially  in  its  posterior  segment,  if  they  lead  to  capsular 
cataracts  which  can  be  diagnosed,  are  known  as  inflammatory^  in 
contradistinction  to  the  nan-inflammatory,  which  develop  in  senile  cataract 
during  the  stage  of  over-ripeness.  After  the  identity  of  both  had  been 
anatomically  established,  Becker  attempted  to  characterize  the  hyper- 
plasia, as  the  result  in  part  of  an  ^^atrophic  hyperplasia^*  pari;ly  due  to  an 
increased  nutritive  supply. 

At  the  present  day  we  are  in  a  position  to  recognize  the  fact  that  both 
conditions  are  identical,  though  incited  by  a  variety  of  different  causes.  In 
the  more  restricted  sense,  we  can  not  today  look  upon  the  acquired  anterior 
capsular  cataract  as  an  inflammatory  hyperplasia  or  new  cellular  formation. 
If,  for  clinical  reason,  it  may  appear  desirable  to  retain  the  expression, 
^'inflammatory  capsular  cloudiness,**  ot  "inflammatory  capsular  cataract,**  it 
should  only  be  used  in  the  sense,  that  there  are  capsular  cataracts,  the 
formation  of  which  are  due  to  inflammatory  processes  occurring  in  other 
pari;s  of  the  eye. 

EEGBNEEATIVE  CELLIJLAE  HYPERPLASIA.  On  page  84,  a 
form  of  capsidar  epithelium  was  briefly  referred  to,  which  must  once  more 
be  briefly  reconsidered.  In  the  neighborhood  of  the  hyaline  excresences, 
th«  epithelium  almost  invariably  show  a  great  tendency  to  divide  and  in- 
crease. Here  the  principle  of  "atrophic  hyperplasia**  can  not  be  applied, 
because  the  increase  is  confined  to  a  limited  area,  in  the  immediate  neigh- 
borhood of  the  hyaline  excresences.  For  this  very  reason  it  seems  most 
probable  that  this  is  a  regenerative  process.  As  the  result  of  the  colloid 
metamorphosis,  a  part  of  the  epithelium  having  been  lost,  the  effort  to  re- 
produce this,  leads  to  cellular  fission  and  increase.  Another  fact  which 
demands  an  explanation  is  the  localized  growth  of  the  capsular  cataract. 
We  have  seen  that  it  most  frequently  begins  in  the  centre  of  the  anterior 
capsule;  at  times  it  covers  large  surface  areas,  and  in  exceptional  cases  the 
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entire  capsule.  Undoubtedly,  this  is  in  some  manner  influenced  by  the 
direction  of  the  stream  of  normal  and  pathological  nutritive  fluid.  Ex- 
ceptionally, the  capsule  is  from  1  to  2  mm.  in  thickness,  whereas,  under 
normal  conditions  it  is  not  over  ^  mm.  The  abnormally  large  and  thick 
capsular  cataracts  are  nearly  always  found  in  the  consecutive  and  compli- 
cated cataracts. 

Certain  varieties  of  shrunken  cataracts,  which  appear  to  be  congenital 
or  acquired  during  early  life,  consist  simply  of  a  thickened  capsular  cata- 
ract enclosed  in  a  folded  capsule.  Here  there  has  been  a  very  active  hyper- 
plasia of  the  intracapsular  cells;  the  new  formation  of  cells,  however,  has 
not  been  sufficient  to  fill  the  entire  space  enclosed  by  the  capsule,  but  has 
rather  exhausted  itself  before  going  so  far. 

To  explain  this  fact  one,  might  be  permitted  to  quote  a  remark  made 
by  Ziegler.'  He  draws  attention  to  the  fact  that,  just  as  in  the  fermenta 
tion  of  alcohol,  the  increase  of  the  yeast  plant  ceases,  when  the  amount  of 
alcohol  has  reached  a  certain  quantity;  similarly,  the  increase  of  both  con- 
nective tissue  and  epithelium  become  restricted  in  their  formative  powers 
by  their  own  products.  For  the  former,  it  is  the  formation  of  an  inter- 
cellular substance;  for  the  latter,  it  is  the  intimate  relation,  brought  about 
by  the  cement  substance,  which  restricts  the  further  growth.  Vice  versa, 
the  solution  of  the  intercellular  substance,  and  the  loosening  up  of  the  epi- 
thelium can  again  start  up  this  hyperplasia.  If  we  will  now  apply  this  idea 
to  capsular  cataract,  one  would  say,  that  it  is  the  change  of  the  body  of  the 
cell  into  a  dense,  thicl;  intercellular  substance,  which  there  acts  as  the  limit- 
ing factor.  This  explains  the  reason,  why  it  is  that  we  fail  to  find  the  evi- 
dence of  the  cellular  hyperplasia  which  has  taken  place,  in  fully  formed 
capsular  cataracts  or  in  the  congenital  membranous  cataracts.  In  this  is 
also  to  be  found  the  reason,  that  one  never  finds  a  hyperplasia  of  cells  which 
becomes  greater  than  the  size  of  the  lens,  and  why  it  is  that  there  are  no  tumors 
of  the  lens. 

II. 

KETR0GRES81VE  CHANGES. 

a. 
THE  LENS  FIBRES.  While  studying  the  sclerosis  of  the  lens  and 
the  formation  of  a  nucleus,  we  noted  changes  which  we  designated  as  those 
of  simple  atrophy.  Owing  to  the  present  state  of  our  knowledge,  the 
chemical  changes,  which  take  place  in  the  lamella  which  surround  the 
nucleus,  are  not  definitely  known.     The  most  we  can  say  is,  that  this  is 


3  Lehrbuch  der  Algemeinen  und  Speeiellen  Path.    Auat.  und  Pathogenese, 
1882,  2  Auft.,  1  Thiel  p.  124. 
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partly  a  fatty  metamorphosis,  inasmuch  as  cholesterine  and  margarin  (?) 
crystals  are  found. 

Knies  described  this  cataractoiis  disintegration  of  the  lens- fibres,  as 
changes  which  he  compares  to  those  of  so-called  "cloudy  swelling.** 
(Virchow).  Becker  pointvS  to  the  fact  that  even  Knies  drew  attention  to 
the  fact,  that  nothing  positive  is  known  concerning  the  resorption  of 
albuminous  cloudy  lens  fibres  and  the  coincident  clearing  up  of  the  cloudi- 
ness. Likewise,  the  idea  that  the  formation  of  a  cataract  is  a  parenchy- 
matous inflammatory  process  can  not  be  looked  upon  as  a  "happy  thought,** 
since,  in  order  to  prove  this,  its  nourishing  vessels  would  of  necessity  be 
involved,  an  experiment  which  even  Knies  admits  he  could  not  carrj'  out. 

b. 

As  we  have  seen,  the  intracapsular  cells  may  show  signs  which  can  be 
ascribed  to  atrophy.  An  almost  constant  accompaniment  of  the  over-ripe 
senile  cataracts,  is  the  change  in  the  nuclei  of  the  cells  which  have  been 
designated  as  the  products  of  colloid  metamorphosis.  .  Finally,  the  so-called 
vesicular  cells  which  develop  both  from  the  preformed  epithelium  of  the 
posterior  capsule,  are  in  all  probability  to  be  looked  upon  as  hydropsical 
cells. 

All  cells  which  are  found  within  an  uninjured  capsule,  both  the  cells 
wliich  are  normally  present  on  the  anterior  capsule,  more  especially  all 
new-formed  cells,  possess  to  a  high  degree,  the  common  tendency  of  under- 
going soon  and  quickly  retrogressive  change.  Thus  one  constantly  finds 
in  the  tissue  of  a  capsular  cataract  a  portion  of  the  cells  from  which  the 
structure  is  formed,  imbedded  in  a  colloid  mass.  Finally,  a  deposit  of  lime 
salts  is  at  times  found  in  the  tissue  of  a  capsular  cataract,  which  is  known 
as  a  petrifaction,  a  condition  similarly  noted  in  other  tissues. 

All  the  assumptions,  excepting  possibly  the  last,  are  wanting  in  chem- 
ical proof.  Thus  it  still  remains  an  open  question  whether  this  is  really  a 
colloid  metamorphosis  or  a  hyaline  degeneration. 

But,  assuming  that  our  assumptions  are  true,  it  certainly  must  seem 
astounding,  that  such  a  variety  of  known  changes,  both  progressive  and 
retrogressive,  can  take  place  within  an  uninjured  closed  capsule.  But  only 
as  long  as  one  fails  to  recognize  the  fact,  tliat  all  these  processes  are  likewise 
observed  in  other  epithelial  structures,  as  the  rcsuH  of  a  disturbed  nutrition, 
hence  one  would  expect,  since  the  lens  is  a  pure  epithelial  structure^  to 
find  them  here  with  a  certain  degree  of  regularity. 


PART  III. 

ANOMALIES  OF  TRANSPARENCY. 

In  the  following  section  the  various  forms  of  cloudiness  of  the  lens 
will  be  considered.  Since  departures  from  the  normal,  both  in  size  and 
form  of  the  lens,  occur  but  seldom  congenitally,  whereas,  when  acquired, 
are  always  accompanied  by  cloudiness  of  the  substance  of  the  lens,  hence 
it  will  be  unnecessary  to  devote  a  special  section  to  their  consideration, 
but  they  will  be  considered  together  with  the  opacities  of  the  lens. 

CHAPTER  I. 

THE  GREY  CATARACT. 

DEFINITION. .  Every  opacity  of  the  lens  system  is  called  a  grey 
cataract  or  "staar.*^ 

SYNONYMS.  Glaucoma,  glaucosis,  glaucosies;  hypochyma,  hypo- 
chysis;  suffusio,  s.  aquae,  aquae  descensus;  catarrhacta,  cataracta;  cataracte; 
cataract;  cataratta,  star  or  staar. 

"The  expressions,  'staar'  and  'cataract'  were  in  common  use  at  the 
time  Brisseau  and  Maitre  Jean  conclusively  proved,  that  the  cause  of  the 
interference  with  sight,  which  for  hundreds  of  years  previously  had  been 
removed  by  depression,  was  not  due  to  a  new-formed  membrane  in  the 
pupil,  which  the  cataract  was  supposed  to  be,  but  that  it  was  due  to  a 
cloudiness  of  the  lens.  Although  in  ancient  times  a  diseased  cloudiness 
of  the  lens  had  been  known,  and  called  glaucoma,  one  was  nevertheless 
justified  in  retaining  the  name  'cataract'  for  the  new  conception  of  the 
disease,  as  the  possibility  of  restoring  vision  by  operative  interference  still 
remained  as  a  mark  of  difference  between  glaucoma  and  catara^t/^ 

"The  arguments  used  against  Brisseau  by  the  French  Academy  were 
essentially  those  of  Galen.  The  latter's  medical  knowledge,  however,  was 
but  that,  as  it  had  been  developed  since  the  time  of  Hippocrates." 

"In  Greek  literature  are  found  the  following  expressions:  yXavxco0te^ 
(yXavxoiiTt^)  or  yXavxX^^^  ^^^  VTroxv/ia  or  V7r6xv(fi^.  Of 
these  expressions,  the  Latin  writers  only  retained  glaucoma;  they  trans- 
lated, however,  vTTOxvdt?  as  'suffusio.''' 

1  There  Is  no  English  translation  for  the  word  Staar  other  than  Cataract 
Its  derivation  will  be  considered  further  on. 
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"It  is  difficult  to  determine  at  the  present  day,  which  forms  of  disease 
th^  ancients  designated  by  these  names,  owing  to  their  great  lack  of  ana- 
tomical knowledge  and  sufficiently  accurate  methods  of  examination,  which 
but  in  recent  years  have  been  perfected  to  such  a  degree  as  to  admit  of  a 
proper  understanding  of  the  various  forms  of  this  disease.^  It  is  very  prob- 
able, however,  that  every  disease  leading  to  a  discoloration  of  the  pupil  re- 
ceived the  same  name,  at  one  time  being  designated  as  glaucoma^  at  another 
as  hypochysis.  Then  differentiations  began  to  be  made,  but  having  no 
accurate  anatomical  basis,  were  but  poorly  kept  apart.  Gradually  they 
became  accustomed  to  speak  of  ^suffusio*  where  an  iritis,  pupillary  mem- 
brane and  primary  cloudiness  of  the  lens  existed,  which,  however,  was 
looked  upon  as  a  new-formed  membrane,  but  they  designated  every  con- 
ceivable form  of  complicated  cataract  as  glaucoma,  aside  from  the  dis- 
ease, glaucoma,  as  we  understand  it  today." 

"The  only  expression  known  to  Hippocrates  was  yXavxcoCFte^.  This 
is  evident  from  Aphorism,  XXXI.,  3,  in  which  he  enumerates  the  diseases  of 
the  aged,  and  uses  the  word  yXavx^oOte^  to  designate  cataract,  and  with 
the  occurrence  of  which  he  must  have  been  very  familiar.  Celsius,  how- 
ever, quite  contrary  to  the  above,  uses  the  word  'suffiLsio/  and  thus  shows 
that  he  located  the  disease  in  a  place  other  than  in  the  lens;  rather  in  front 
of  it,  *qua  parte  pupilla  est,  locus  vacuus  est.^  At  the  same  time,  Plinius 
used  both  expressions  successively  without  defining  them.  He,  however, 
suggests,  from  his  very  rich  therapeutic  treasures,  different  remedies  for 
each,  so  that  one  is  led  to  believe  that  he  looked  upon  them  as  two  separate 
and  distinct  diseases.^  Oribasius  has  saved  for  us,  the  opinion  of  Rufus, 
who  lived  some  time  after  Plinius:  'Glaucoma  humoris  glacialis,,  i.  e.  crystal- 
lini  qui  ex  proprio  colore  in  glaucum  convertatur  et  mutetur,  morbum  esse 
putavertunt,  suffusionem  vero  esse  effusionem  humonim  inter  uveam  et 
crystalloidem  timieam  concrementium,*  and  he  adds,  that  all  cases  of 
glaucoma  are  incurable,  but  that  vTToxvjua  is;  but  strictly  speaking,  not 
every  case.^  We  find  that  Galen  expressed  the  same  opinion.  According  to 
Kuhn^s  translation,^  Galen  says,  'Suffusio  est  concretio'aquosi  humori&quae 
visum  magis  minusve  impedit.  Differt  suffusio  a  gkucomate  tum  quod 
suffusio  concretio  sil  dilute  humoris,  glaucoma  vero  naturalium  mutatio 
humorum  in  caesium  colorem,  tum  quod  glaucoma te  baud  prorsus  in  suf- 
fusione  aliquantulum  cernant.'  " 


2  Von  Graefe  Glaucoma,  1858. 
8  Lib.  VII,  cap.  7,  18. 

4  His.  Nat.,  XXVIII,  8;  XXIV,  6;  and  XXXII,  4. 

5  Morgagni,  1.  c.  Synops.  Libr.  VIII,  cap.  47,  p.  130.  ed.  Stephen. 

6  Vol.  XIX,  S.  f .  Med.  363  Lips,  1830,  p.  438. 
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"One  may  say,  that  these  words  give  a  comprehensive  account  of  the 
knowledge  which  the  medical  world  possessed  on  the  subject  up  to  the 
beginning  of  the  eighteenth  century/' 

"According  to  the  Latin  translation  by  Emerius,  the  teaching  of  the 
physician  and  philosopher,  Leo,  who  lived  about  800  B.  C,  (p.  146),  reads 
as  follows:  ^Suffusio  (vTroxvdt^)  est  cum  inter  membranum  uviformam 
et  comeam  humor  pituitosus  et  crassus  qua^  returbidus  coagulatus  est  et 
pupillam  obfuscat  nee  semere  sinit:  qui  hoc  morbo  laborant  initio  culices 
vident.  Curator  vero  punctione,  non  principio  sed  posrtquam  aliquamdiu 
perstiterit/  A  few  lines  below  he  says:  ^Glaucosis  est  ubi  crystallinus  humor 
.  veluti  coagulatus  est  et  albidior  f actus  et  visum  impedit:  fit  autem  semper 
in  senibus  malumque  sanari  nequit/''' 

*^ About  the  year  1150,  the  Salemian  Physician  Matteus  Platearius 
speaks  of  cataract  as  one  of  the  diseases  of  the  eye,  and  defines  it  as  fol- 
lows: 'Cataracte  visus  inter  conjunctivam  et  comeam  tunica  nascuntur  et 
uveam  tunicam  subalbidam  reddunt/  Four  hundred  years  later,  we  find 
the  celebrated  Ambrose  Pare,  the  first  physician  who  wrote  in  French, 
speaking  of  a  ^suflEusio,'  ^cataracta*  or  'coulisse/  a  'concretion  d'humeur' 
placed  between  cornea  and  lens;  and  this,  along  with  glaucoma,  hetero- 
glautis,  leucoma,  aygrias  and  acatastasia  crystalloidous;  the  last  of  these 
was  already  being. spoken  of  as  a  luxation  of  the  lens/' 

"Not  that  during  all  these  years  the  correct  view  had  not  time  and  again 
been  expounded.  In  1673  Werner  Wolfing  of  Hamburg,  Professor  at 
Jena,^  is  said  to  have  shown  that  the  cloudiness  in  the  pupil,  which  is 
amenable  to  operative  interference,  has  its  seat  in  the  lens.  In  Qassendi  ^ 
one  finds  the  following:  'Since  Lasnier^  has  shown  that  an  animal  without 
a  lens  can  see,  it  is  not  necessary  to  seek  for  further  proof  to  demonstrate 
that  the  power  of  vision  does  not  depend  on  the  lens.'  He  has  shown  that 
the  cataract  is  not  a  membrane  between  uvea  and  lens,  which  can  be  torn 
away  with  a  needle  and  depressed  into  the  depths  of  the  eye,  but  that  it  \s 
the  crystalline  body  itself,  which  is  shrunken,  is  separated  from  the  ciliary 
processes,  and  is  depressed  into  the  vitreous.  The  celebrated  Franz  Quarre, 
as  Morgagni  tried  to  prove,  expressed  the  same  opinion  even  before  Lasnier. 
The  great  physist,  Mariotte;*^  also  Jacques  Rohault  ^^  and  Borrelli  "  were 
of  the  same  opinion  as  the  above-named  investigators.    Rohault  says:  "Que 

7  Dissert  Anat.  Lib.,  b.  c,  p.  73. 

8  Physic  III,  Lib.  7,  D.  B.,  1660. 
9Remy  D.   Paris,  1650. 

10  NouvelleB  decouvertes  toucliant  la  vue  Paris.  16C8. 

iiTractus  Physics  I,  cap.  35. 

12  Historlore  et  observations  medico-physieae,  IV,  Paris,  1657. 
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la  cataracta  n*est  pas  une  taye  qui  se  forme  del  humeur  cristalline,  comme 
on  la  cru  long  temps^  mais  bien  une  alteration  de  eette  humeur  me  me  qui 
a  enteirement  perdu  sa  transparence/  According  to  Heister,  in  1707  the  great 
Boerhaven  taught  the  same  idea  in  his  clinic,  before  he  had  read  the  writ- 
ings of  Brisseau  and  Meister  Antonius,  but  these  few  voices  were  but  little 
heeded  by  their  contemporaries.  To  the  two  last-mentioned  gentlemen 
fell  the  task  of  overcoming  the  opposition  of  the  Paris  Academy  of  Medi- 
cine, and  of  gradually  introducing  to  the  medical  profession  at  large  the 
correct  solution  of  this  question." 

"On  the  6th  of  April,  1705,  in  the  hospital  at  Doornick,  Brisseau 
operated  on  the  eye  of  a  soldier  who  had  died  of  the  flux,  and  who  had  a 
simple  ripe  cataract.  He  made  a  depression,  and  after  he  had  removed 
the  membrane,  which  he  held  it  to  be,  and  the  pupil  was  black  again^  he 
dissected  the  eye,  and  found  that  the  opaque  lens  was  not  in  its  proper 
position,  but  that  it  was  depressed  into  the  vitreous.  On  the  17th  of  No- 
vember of  the  same  year,  he  reported  his  observation  to  the  Academy.  The 
Academy,  however,  totally  ignored  his  announcement,  and  one  of  the  mem- 
bers— Duvemey — advised  him  to  keep  his  discovery  to  himself,  and  not  to 
make  himself  the  laughing-stock  of  the  Academy.  Brisseau's  silent  resolve 
was,  further  investigation,  on  which  to  base  his  opinion.  In  1707  he  op- 
erated a  hard  cataract;  this  split  into  pieces,  and  thus  he  was  convinced 
that  it  could  not  be  a  membrane,  but  must  have  its  seat  in  the  lens. 

"Maitre  Jean  **  tells  us  that  he  had  arrived  at  the  same  conclusion  as 
early  as  1682.  Later  on,  he  examined  the  eyes  of  a  corpse,  which  were  cat- 
aractous,  and  saw  plainly  that  the  cloudiness  was  in  the  lens." 

"One  of  the  greatest  learned  men  of  his  time,  who  took  up  the  new 
teaching  in  a  positive  manner,  and  who  with  untiring  efforts  defended  it 
against  many  disbelievers,  even  after  the  French  Academy  had  given  in, 
was  Prof.  Lorenz  Heister,  Professor  at  Altdorf  and  Helmstedt.  In  his 
*Tractu8  de  Cataracta  glaucomate  et  amaurosi,'  Altdorf,  1812,  he  writes, 
"duo  industrii  galii  post*multa  experimenta  sedem  cataractae  exhumore 
aqueo  penitus  in  humorem  crystallinum  transtulerunt.*  " 

"The  discussions  of  the  French  Academy  from  1705  to  1708,  caused  by 
Brisseau  and  Maitre  Jean,  show  the  views  of  the  corporate  body  of  medi- 
cine of  that  time.  At  that  time,  cataract  was  held  to  be  a  small,  somewhat 
thickened  membrane  situated  in  the  pupil,  and  which  had  formed  in  the 
aqueous  humour,  and  which  could,  by  means  of  a  needle,  be  successfully 
rolled  up  and  depressed  into  the  depths  of  the  eye.  Even  at  that  time,  glau- 
coma was  held  to  be  an  opacity  of  the  lens,  said  to  be  incurable,  in  centra- 
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distinction  to  cataract.  At  first  the  Academy  took  a  stand  on  the  authority 
of  Galen,  then  again  it  held  an  opposite  view,  that  an  eye  without  a  lens 
could  not  see;  then  they  permitted  Littre  to  appear  before  the  Academy 
and  demonstrate  an  iriiic  membrane  as  a  true  cataract.  Finally,  however, 
it  entered  upon  the  road  of  investigation  itself,  in  that  the  Academy  had 
eyes  dissected  before  it,  which  had  been  operated  on  for  cataract  by  Mery. 
Naturally,  since  it  was  imposrible  to  be  otherwise,  these  investigations 
finally  demonstrated  the  truth  of  the  fact  which  had  been  so  hotly  con- 
tested. In  the  year  1808,  the  Academy  began  its  acknowledgement  with 
the  following  memorable  words: 

"La  verite  commence  a  se  decouvrir  sur  la  question  des  Gataractes,"  and  a 
few  lines  further  down  continues:  "M.  Brisseau,  medecin  de  Tournai  et  M. 
Antoine,  tous  deux  inventeurs  en  meme  temps  ou  plutot  restaurateurs,  sans  le 
scavoir,  du  nouveau  sisteme  de  feu  M.  Rohault,  qui  eonfondoit  le  Glaucoma  et 
la  Cataracte,  soutenoient  et  par  uns  suite  de  ce  sisteme  el  par  des  experiences 
dont  lis  etaient  convaincus,  que  Ton  peut  voir  sans  cristallin,  c'est  a  dire,  sans 
ce  qui  a  toujours  passe  pour  le  principal  instrument  de  la  vision.  Quelque 
etrange  que  soit  ce  Paradoxe,  TAcademie  en  avoit  des  Fannee  precedente  ap- 
percu  la  possibilite,  mais  enfln  il  est  devenu  un  fait  constant  TAcademie  a  vu 
\m  Cristallin  que  Ion  avoit  tire  a  un  Pretre  en  presence  de  Mery  et  elle  a  vu 
ce  meme  Pretre  lire  du  meme  oeil  avec  une  forte  loupe  ces  gros  Gataractes,  que 
les  Imprimeurs  appellent  Parangon."  u 

"The  proceedings  of  the  Academy  during  the  years  1705-1708  are  in 
other  respects  very  important  to  opthalmology.  They  contain  the  views, 
concerning  the  new  teachings,  contained  in  a  series  of  optical  studies  by 
De  la  Hire,  father  and  son,  by  whom  it  was  shown  that  the  aqueous  and 
vitreous  humour  have  the  same  index  of  refraction,  and  in  which  for  the 
first  time  the  dioptric  conditions  of  the  aphakic  eye  were  properly  pre- 
sented.'^ 

"Though  the  new  ideas  were  accepted  by  the  Academy  in  the  most 
enthusiastic  manner  and  were  taken  up  by  the  learned  world  of  Prance  and 
the  neighboring  countries,  those  were  not  wanting  who  violently  opposed 
them.  The  most  stubborn  opponent  was  Woolhouse,  an  English  physician 
resident  in  Paris.  The  many  discussions  between  him  and  Heister  are, 
even  at  the  present  day,  worthy  of  being  read.  Later  on,  the  conception 
of  cataract  was  changed  by  Gunz,  (Schnitzlein,  praes  Gunz,  diss  de  sufihis- 
sionis  natura  et  curatione),  who  describes  as  cataract  every  dark  body 
situated  between  cornea  and  vitreous,  which  impeded  vision,  or  it  was  said 
that  cataract  was  every  cloudiness  between  cornea  and  vitreous,  (Macken- 

14  Hist,  de  TAcad.  Royale  des  Sciences,  Annee,  1708,  p.  39. 
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zie),  until  finally  Velpeaii  ^^  defined  cataract  As  "une  opacite  centre  naturo 
dun  des  millieux  transparencs  de  I'oeil,  que  traversent  habiluellement  des 
rayons  lumineux  pour  arriver  a  la  retine/  Other  authoritis,  like  Wardrop, 
went  a  step  further  and  defined  every  perceptible  disease  in  the  pupil  which 
disturbed  vision  as  a  cataract^  and  used  as  synonyms  the  following  ex- 
pressions: Cataracta  nigra,  gutta  serena,  liable  cataract  and  amaurosis.'^ 

'^Beyond  all  doubt,  the  word  ^cataracta^  is  of  Greek  origin, 
Harapppyvjut  {xara^pdoOGo)^  and  hence  was  often  written  ^catarrhacta.' 
It  was  never  used  by  the  ancients  to  describe  a  disease  of  the  eye.  The  first 
time  it  is  found  used  in  the  literature  of  this  subject,  is  in  the  above  given 
definition  by  the  Salemian  physician,  Platerius,  1150,^^  and  here  it  is  used 
to  express  the  same  idea  as  suffusio  or  hypochysis.  In  Mackenzie's  work,^^ 
the  opinion  is  expressed  that  ,the  Arabs — who,  as  is  well  known,  in  scien- 
tific affairs,  especially  medical,  depended  entirely  on  the  teachings  of  Galen 
— ^found  this  QxpiQ^AonyViroxvOt^^sniA  translated  it  literally,  and  then 
later  oh,  when  the  Salemian  translated  the  works  of  Albulcasis  and 
Avicenna  into  Latin,  this  expression,  which  had  come  into  general  use,  was 
retained,  and  thus  the  new  word  'cataracf  was  coined.  In  the  translation 
of  Albulcasis  by  Gerard  de  Cremona,  (1114),  the  subject  of  the  twenty-third 
chapter  reads,  *De  cura  aquae  quae  descendit  in  oculo  vel  cataracta/  The 
time  when  the  passage  was  written  corresponds  about  to  the  time  of 
Platearius,  and  the  original  sense  in  which  the  word  'cataract'  was  used 
was  to  convey  the  idea  of  ^a  flowing  down  of  water,'  'a  water  fall/  As  a 
matter  of  fact,  in  Avicenna,^  the  Arabic  expression  given  for  grey  cataract 
is  'nuzul  el  ma,'  which,  literally  translated,  also  means,  'a  flowing  down  of 
water.'  There  can,  therefore,  be  no  doubt  but  that  Mackenzie's  idea  is  the 
correct  one.  This  is  all  the  more  striking,  since  the  literal  meaning  of  the 
wordy  used  to  designate  the  grey  cataract  became  the  accepted  view  of  the 
nature  of  the  disease  by  later  authorities.  Thus,  Ambrose  Parre,  (bom  in 
1517),  translating  the  word  'cataract'  into  French,  uses  the  word  ^coulisse/ 
or  ^curtain/  and  he  declares,  'C'est  en  effet  du  sens  de  cloture  de  coulisse  qui 
f erme,  que  la  mot  cataracte  a  passe  au  sens  d'opacite  du  cristallin.'  Antonie 
Furetiere  (1690)  gives  the  same  definition  in  his  'Dictionaire  XJni versa!;* 
he  however  quotes  Parre.  This  proof  is  all  the  more  important,  since  Parre 
was  looked  upon  as  the  first  doctor  who  wrote  in  French.  Only  after  the 
decree  of  King  Francis  I.,  1522  and  1529,  and  the  edicts  of  Villers-Cot- 

15  Clinique  Chlrurg.,  1840,  p.  517. 

16  Hirsch  Kiln.  Monatsblatter,  1860,  p.  284.  Tractlca,  I,  II  and  VII,  ed.  Lugd. 
Bat,  1525,  fol.  239.    DiRlenzi  Collect  Salemlt  Napoll,  1853,  Tom.  II,  p.  146. 

17  Ed.  von  Warlomont  imd  Testclin,  II,  p.  309. 

18  Lib.  Ill,  Faun  III.  Tract  IV,  Cap.  18. 
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terets  (1539)  was  the  court  compelled  to  carry  on  its  proceedings  in  the 
French  language.  As  is  well  known,  Calvin  originally  wrote  his  Insti- 
tutio  religionio  Christianae'  in  I^tin;  and  first  in  1536,  when  filled  witli 
hatred  against  the  language  of  the  Pope  and  its  traditions,  and  when  he 
found  himself  compelled  to  turn  to  the  people,  he  concluded  to  translate 
his  principal  work  into  his  native  tongue.  As  a  like  proceeding  does  not 
occur  in  all  scientific  writings  up  to  this  time,  Ambrose  Parre,  who  wrote 
in  the  forties  of  the  sixteenth  century,  is  therefore  to  be  presumed  was  the 
first  to  have  the  written,  'caiarada/  as  a  French  word.  So  far  had  the 
etymology  of  the  word  been  lost,  that  the  Academy,  in  its  discussions  with 
Brifiseau,  did  not  hesitate  to  state  as  a  fact,  that  the  word  ^cataract'  meant 
a  membrane  before  the  pupil,  and  used  this  as  an  argument  against  the 
new  teaching.  *Les  cataractes  des  yeux  ont  eete  ainsi  appellees  dun  mot 
Grec  qui  signifie  une  Porte  gu^on  laisse  tomber  de  haut  en  has  comme  une 
Sarrasine,  el  en  effet  ce  sont  des  especes  de  Ports,  gui  ferment  I'oeil  aux 
rayons  de  la  lumiere.^*  To  quote  but  a  single  passage  from  the  literature 
of  foreign  countries,  taken  from  the  writings  of  Laurentius  Heisterus,  (31, 
p  1),  ^Vulgo  autem  el  notiori  inter  medicos  vocabule  raiaracta  vocatur, 
quae  vox,  teste  Livio  (XXVII.,  28)  portas  pendulas  et  recidentes,  quae  ad 
ingressum  urbium,  praecipue  munitanim,  conspiciunter,  significat,  quibus 
recidentibus  vel  demissis  liber  prohibetur  transitus  et  vernaculo  sermone 
Fall  Oattern  appellantur.  Xotat  etiam  cataracta  pessulum  vel  obicem,  quo 
porta  obfirmi  solet.  Belgae  quoque  cataractas  vocant  robustissimas  illas 
valvas,  quibus  aquarum  irruenlium  vim  cohibent,  ne  plus,  quam  par  est, 
aquae  in  oppida  veb  campos  influat,  et  ab  iis  vornacula  sua  Sluysen  nonima- 
tur.'  " 

"It  is  evident  that  this  erroneous  idea  was  evolved  after  the  word 
^cataract'  had  come  into  use,  and  the  historical  development  of  the  word 
had  been  entirely  forgotten.  The  true  meaning  of  the  word  'trap- 
door or  ^sluiceway,'  as  used  by  the  ancients,  had  become  entirely  changed 
to  that  of  a  waterfall,  this  coinciding  more  nearly  with  the  prevailing  idea 
as  to  the  anatomical  conditions  of  a  cataract." 

"The  German  word  'staar,'  likewise  the  compound  word  'staar-blind,' 
are  very  old.  In  the  Keronishe  Glossen  of  the  eighth  century  one  finds  the 
following:  ^Hyerna  bestia  staraplint  (Reichenauer  Ausgabe;  hyaena  stara 
bestia  plint)  cujus  pupil lae  lapideae  sunt  des  «eha  augono  stani  sint.'  This 
passage  is  copied  in   Graft's  Diutiska,  T.,   2'^^.^     Woigand  ^i   says,   *Al3 
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Wurzelverbuni  ist  aiifziistellen  ein  gotli.  stairan,  ahd,  steran  unbeweglich 
stehen,  woven  ahd,  staren,  mhd,  stam  =  die  Augen  unbeweglich  auf 
etwas  riehtet,  starren/  Therefore,  ^staar^  signifies,  a  staring  look.  I  have 
not  been  able  to  discover,  where  it  was  that  the  word  first  came  into  use."  * 

'*Since  the  word  ^staar*  was  originally  used  to  denote  a  symptom  of  an 
eye  disease,  namely,  the  staring  look,  one  can  easily  see  how  gradually  it 
began  to  be  ufeed  to  designate  various  diseases  of  the  eye.  As  we  began  to 
discern  differences,  it  began  to  be  used  in  connection  with  other  words  to 
designate  the  variety  as  the  grey,  the  black,  etc.,  and  these  expressions  are 
in  use  at  the  present  day.  They  w^ere,  hawever,  in  former  times  a  great 
variety  of  other  forms  in  use,  which  have  since  been  set  aside.  Thus 
George  Bartisch  of  Koenigsbruck,  citizen,  oculist  and  Surgeon  to  the 
King's  City  of  Dresden,  in  his  work  on  opthalmology,  published  in  1583, 
speaks  of  the  green,  the  white,  the  yellow  and  the  blue  *staar.'  At  the  pres- 
ent day  the  word  'staar*  used  alone,  without  the  prefix  'grey,'  will  be 
synonymous  with  cataract,  meaning  a  cloudiness  of  the  lens. 

"The  knowledge  of  the  original  meaning  of  the  word,  seems  grad- 
ually to  have  been  lost,  both  by  the  physician  and  the  general  public.  This 
very  same  Bartisch  writes,  (1.  c,  p.  42),  *I  have  not  been  able  to  discover, 
why  this  is  called  "staar,"  or  where  the  word  originated.  The  word  is  so 
well  known  and  in  such  common  use,  that  it  is  equally  often  used  by 
citizen  or  farmer,  the  educated  or  ignorant.  For  whether  they  speak  of, 
see,  or  hear  of  a  blind  person,  they  know  of  nothing  further  to  say  than 
that  it  must  be  a  "staar,"  and  the}'  say  — "fee  is  staar-blind.'^  '  In  his  very 
next  statement,  however,  he  says,  "that  it  is  no  wonder  that  the  word 
"staar"  has  been  used  to  designate  a  disease  of  the  eye,  since  there  are 
other  infirmities,  defects,  and  ills  of  man  which  have  been  named  after 
animals  and  other  things,  such  as  krebs,  lupus,  carfunkel  and  ranula."  On 
the  next  page,  he  goes  on  to  state,  that  there  are  -people  who  imagine  that 
this  defect  is  due  to  the  starling,  a  bii-d,  for  if  we  eat  it  frequently,  or 
drink  from  the  same  water  of  which  the  bird  has  partaken,  or  in  which 
it  has  taken  a  bath,  (we  become  staar-bUnd)(?)  This,  however,  is  a 
superstition  and  a  false  delttsion.  Luther  spelled  the  word  'starr';  Bartisch, 
as  we  have  seen,  'star.'  In  Andersen,^^  i  g^d,  'Ini  mhd  bedeutet  star,  also 
subst  stumus,  als  adj  rigidus,  di  nach  gewohnlicher  Schreibweise  im  mhd 
staar  und  stair.  Seit  dem  aber  das  ahd  staraplint  statt  durch  starr-blind, 
wie  es  hatte  lauten  sollen  (vgl  austarren,  stieren)  viel  mehr  durch  staar- 
blind  weidergegeben  wurde  und  ein  subst,  staar  (augenstarre  bin  zugetreten 
ist,  gerieth  man  spater  auf  dem  gedanken  den    vogelnahmen    stahr    zu 
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schrieben.  Leicht  ist  es  einzusehen,  dass^  wofem  nicht,  was  unstreitig 
das  einfachste  ware,  die  mhd,  form  fur  beide  worter  verbleiben  kann, 
mindestens  das  eine  der  verbaldehung  lieber  eintriethe,  weil  da  dureh  der 
ztsammenhang  mit  starr  desto  deutlicher  hervortrete/  This  also  answers 
Strieker's  question  (Star  or  starr?).^^  The  work  of  Lichtman  mentioned 
by  him  (Nuremburg,  1720),  contains  the  above-given  passage  of  Bartisch.*^ 

"Later  on,  the  word  'staar,'  was  used  with  an  entirely  different  mean- 
ing, (though  seldom  so  applied),  to  signify  the  pupil  ('augenstern'),  as  per 
example,  by  Baggensen  and  Matthison.  The  word  ^augenstern'  could  be 
used  to  signify  a  pupil  containing  a  ^star,'  or  cataractous  formation,  but 
not  in  the  opposite  sense.  Though  one  does  meet  with  the  expression 
in  Rabener's  work,  (IV.,  36),  T  have  a  star  (stem — ^a  star  in  the  firma- 
ment) on  the  one  eye,*'  this  does  not  give  us  a  clue  to  the  derivation  of  the 
word,  nor  is  this  suggestive  that  the  word  is  derived  from  ^stem,'  (a  star  in 
the  firmament),  or  even  derived  from  the  English  word  ^star,'  (a  deriva- 
tion which  has  been  hinted  at).  Opposed  to  all  this,  is  the  fact  that  the 
English,  as  well  as  the  French  and  Italians,  have  for  a  long  time  never 
used  any  other  term  for  ^staar'  than  ^cataract,' 

OATARACTA  VERA  AND  SPURIA.  Several  authors  differentiate 
between  true  and  false  cataracts.  In  cataracta  spuria  we  find  a  deposit  on 
th^  anterior  surface  of  the  anterior  capsule,  be  this  a  pigmented  exudate 
following  an  iritis,  or  an  organized  tissue,  the  result  of  an  inflammatory 
deposit.  (See  page  99).  After  a  corneal  perforation,  if  the  lens  comes 
in  contact  with  the  corneal  surface,,  and  subsequently  on  closure  of  the 
perforation,  the  lens  on  returning  to  its  normal  position,  may  take  with  it 
some  of  the  cicatrical  tissue  adherent  to  the  anterior  capsule,  cataracta  cap- 
sularis  anterior  spuria.  Exudates  due  to  iritis  may  almost  fill  the  anterior 
chamber  without  leaving  a  permanent  trace  on  the  anterior  capsule  of  tho 
lens.  More  frequently  an  organized  membrane  remains  partly  adherent 
to  the  iris  and  partly  to  the  capsule  of  the  lens.  These  adhesions  are  not 
to  be  classed  as  cataracta  spuria.  Still,  they  are  an  etiological  factor  in  the 
development  of  true  cataract. 

"THE  VARIOUS  FORMS  OF  TRUE  CATARACTS.  Anatomically 
considered,  true  cataracts  are  divided  into  capsular  and  lenticular,  cataracta 
capsularis  and  cataracta  lenticvlaris.  The  latter  is  again  divided  into 
cortical  and  nuclear,  cataracta  Unticularis  *corticalis  and  cataracta  fonHc- 
uhris  nucharis.  If  both  nucleus  and  cortex  are  cloudy,  one  speaks  of 
cataracta  Unticularis  totalis;  if  there  is  both  capsular  and  lenticular  cata- 

23  Walter  von  Ainmon,  .Tournal    fur    Chlrurgle    und  Augenhellkunde  Neue 
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ract,  this  is  designated  as  caiaracia  capsulo-lenticularis.  Where  the  cloudi- 
ness is  in  the  ajus  of  the  lens,  one  speaks  of  a  central  cataract,  or  cataracta 
centralis;  a  better  name,  however,  is  axial  cataract,  cataracta  axialis.  De- 
pending on  the  part  of  the  axis  in  which  the  cloudiness  is  located,  one  dif- 
ferentiates between  a  cataracta  centralis  lenticularis,  the  seat  of  the  cloudi- 
ness being  in  the  centre  of  the  lens,  from  a  cataracta  centralis  anterior  or 
posterior.  Here  again  a  separation  ought  to  be  made  between  cataracta 
centralis  capsularis  anterior  and  posterior  and  cataracta  corticalis  anterior 
and  posterior.    Equatorial  and  meridional  cataracts  are  also  spoken  of." 

"At  times  we  meet  with  opacities  of  the  lens  which  are  partial;  then 
again,  others  which  are  complete.  But  since  every  complete  opacity  must 
at  the  time  of  its  development  have  been  partial,  the  name  partial  cataract 
has  been  applied  to  those  cases  which  clinical  experience  has  proven  to  re- 
main stationary  during  the  whole  of  life,  or  at  least  during  a  great  many 
years.  On  this  account,  the  following  expressions,  cataracta  partialis  and 
cataracta  stationare;  also,  cataracta  totalis  and  cataracta  progressiva  have 
come  into  use." 

"The  former  are  often  the  result  of  errors  in  the  original  formation, 
hence  congenital.  There  are,  however,  congenital  cataracts  which  are  not 
partial,  cataracta  congenita  and  acquisita." 

"The  grey  cataract  may  develop  at  any  time  of  life.  It  is,  however, 
more  frequently  met  with  in  children  and  the  aged,  than  in  people  in  the 
middle  period  of  life — cataracta  juvenum  and  cataracta  senilis.  Cataracts 
occurring  in  children  are  usually  classed  with  the  cataracta  congenita." 

This  separation  is  of  practical  value,  since  the  consistency  of  the  cata- 
ract to  a  large  degree  depends  on  the  age  of  the  individual.  Cataracts  of 
the  young  as  a  rule  are  soft;  in  the  aged  they  are  either  hard  or  of  a  mixed 
consistency;  in  the  latter,  where  the  nucleus  is  hard  and  the  cortex  soft — 
cataracta  mollis,  dura  and  mixta.  The  extremes  of  these  varieties  are 
called  cataracta  fluiday  cataracta  lactea,  cataracta  lapida,  calcarea,  ossea 
and  cataracta  Morgagni.  Some,  of  these  expressions  will  be  met  with  again, 
when  we  come  to  consider  and  divide  forms  of  cataract  due  to  the  products 
of  chemical  disintegration^  or  new  formation — cataracta  gypsea,  calcarea, 
ossea,  putrida  ichorem  tenens" 

"Though  there  are  good  grounds  for  considering  eyes  in  which  cata- 
ract develops,  as  otherwise  diseased,  still  in  most  cases,  aside  from  the 
cataract  one  is  not  able  to  discover  any  special  disease.  In  these  cases  the 
cloudiness  develops  primarily.  There  are,  however,  certain  diseases  of  the 
eye  to  which  frequently  or  at  certain  stages  the  grey  cataract  is  secondarily 
added;  this  form,  together  with  all  cataracts  which  are  due  to  constitu- 
tional diseases  or  diatheses  are  today  designated  as  consecutive  cataracts. 
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(See  page  99).  This  avoids  the  confusion  which  formerly  existed,  since 
formerly  the  consecutive  cataracts  were  designated  as  secondary — together 
with  the  ^nachstaar/  the  cataract  which  develops  subsequent  to  a  cataract 
extraction,  and  which  today  are  conBidered  as  true  cataracta  secundaria^ 

"The  conception  of  the  complicated  cataracts  is  somewhat  more  gen- 
eral. Every  consecutive  cataract  is  also  a  complicated  one,  since  it  is  a 
complication  of  the  underlying  causes  which  have  led  to  the  formation  of 
a  cataract.  The  cataract  may,  however,  develop,  without  depending  on  any 
general  disease,  in  an  eye  which  is  diseased  and  in  such  a  manner  as  to  in- 
fluence the  result  of  an  operation  or  the  probability  of  a  cure.  In  such  a 
clise  we  are  dealing  with  a  complicated  cataract,  which,  however,  is  truly 
a  primary-  formation,  cataracta  complicata.  Thus,  in  consequence  of  glau- 
.  coma,  a  cataract  may  develop,  cataracta  glaucomatosa;  and  this,  though  a 
secondary  cataract,  would  also  be  a  complicated  one.  Where  glaucoma 
develops  in  an  eye  previously,  simultaneously,  or  after  the  grey  cataract 
has  developed,  independently  of  the  cataract.  This  should  be  designated 
as  cataracta  in  oculo  glaucofnaie  affecto,  and  ought  to  be  considered  as  :t 
primar}'  cataract,  but  complicated. '^ 

"The  stages  of  the  development  of  cataract  become  of  especial  im- 
portance, owing  to  the  choosing  of  the  proper  time  for  operation.  Hence 
we  are  compelled  to  designate  the  various  stages,  cataracta  incipiens, 
nondum  mntura,  matvresence,  matura  and  hypermatura.  At  times  the 
volume  of  the  cataract  is  dependent  on  the  stage  of  its  development.  A 
very  rapidly  developing  cataract  has  a  larger  volume  than  the  normal 
cataracta  ttnnescens;  whereas,  an  over-ripe  cataract  frequently  has  a  much 
smaller  volume.  This  shrinkage  often  reaches  a  high  degree  when  the 
cataract  is  a  congenital  one,  or  develops  during  the  first  years  of  life,  or 
after  an  injury,  especially  when  the  lens  becomes  loosened  from  its  zonular 
attachment.  In  cases  where  the  anterior  and  posterior  capsule  almost 
touch  each  other,  the  cataract  has  received  the  name,  cataracta  mem- 
hranacea.  If  the  folded  capsule  covers  a  small,  hardened,  shrunken  remains 
of  a  lens,  simulating  in  its  appearance  a  pea  in  its  covering,  which  had  been 
picked  before  it  was  ripe  and  then  dried,  one  then  speaks  of  a  cataracta 
arido  siliqvatu" 

"Depending  on  their  color,  some  special  varieties  have  been  called 
cataracta  lactea;  also,  black-grey  cataract,  known  as  cataracta  nigra.  In 
the  diagnosis  of  the  consistency  of  a  cataract,  the  color  plays  an  important 
role. 

"If  a  cataract,  no  matter  what  its  variety  may  be,  is  complicated  by 
posterior  synechia,  which  bind  it  to  the  iris,  it  is  known  as  cataracta 
accrefa.     If.  however,  the  zonula  is  ])artially  or  completely  ruptured,  so 
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that  the  cataract  is  movable,  we  speak  of  this  as  a  cataracta  tremula,  natalis, 
or  natans,'^ 

"After  it  had  been  recognized  that  the  seat  of  cataract  is  in  the  lens,  it 
did  not  take  long  until  a  great  variety  of  forms  and  classifications  were 
made.  Laperone  and  Morand  were  the  first  to  differentiate  between  lentic- 
ular and  capsular  cataracts,  and  drew  especial  attention  to  the  fact  that 
the  latter  was  not  a  deposit  in  the  pupil,  but  an  opacity  of  the  capsule. 
St.  Yves  was  the  first  to  point  out  the  fact  that  the  cataract  may  be  a 
congenital  anomaly.  He  likewise  was  the  first  to  classify  as  special  varie- 
ties *the  milk'  and  ^the  pus'  cataracts.  On  *milk  cataract,'  which  he  looked 
upon  as  a  'tumor  cysticus/  we  received  a  special  dissertation  by  Roscius 
(1740).  The  following  year,  Morgagni  (1.  c,  VI.  90)  denied  that  the  lens 
possessed  any  blood-vessels,  and  asserted  that  cataract  was  due  to  a  lack 
and  an  improper  nutritive  supply.  This  nutritive  fluid  was  named,  after 
him,  liquor  Morgagni;  and  his  view  for  many  years  exerted  an  important 
influence  on  the  classifications  of  cataract.  He  considered  the  capsule  as 
a  second  seat  of  cataract.  According  to  his  view,  the  lens  was  always  sec- 
ondarily affected.  J.  G.  Gunz  (7-11)  says  the  cataract  may  have  a  three- 
fold seat."  '  •  • 

"He  speaks  of  spuriae,  when  the  cataract  is  seated  in  the  aqueous, 
vera$  when  in  the  lens,  mixtae  when  it  has  its  seat  in  both.    The  vera^  he 
divided  into  lens  and  capsular  cataracts.     The  latter  are  either  anterior 
adversae  or  posterior  arersae.     The  capsular  cataracts  he  called  cataracta 
compositae  crystallinae.    Peter  Guerin  was  the  first  to  separate  the  primary 
from  the  secondary  cataract,  and  was  the  first  to  mention  the  cataracta 
traumatica.     Jean  Janin,  whose  anatomical  investigations  are  today  of 
value,  was  the  first  to  show  that  the  lens  is  neither  a  continuation  of  the 
•hyaloid  nor  of  the  retina.     He  drew  a  sharp  line  of  distinction  between 
the  capsular  and  lenticular  cataracts,  and  declared  that  Maitre  Jean's  pus 
cataract  is  a  cataracta  Morgagniana.    According  to  their  stage  of  develop- 
ment, he  separated  cataracts  into  cataracta  incipiens  and  cataracta  com- 
pleta.    He  designated  as  ripe,  the  cataract  which  had  become  loosened  from 
its  connection,  so  that  'a  sinking  down'  had  followed.    He  also  considered 
very  fully  the  subjects  of  the  operation  for,  and  the  development  of,  sec- 
ondary cataracts.    Finally,  he  was  the  first  to  give  an  accurate  description 
of  cataracta  nigra.    A.  G.  Richter  (1773)  separated  cataracts  into  gelatin- 
ous, milky,  {pvruhnta,  cataracta  cystica  autorum),  caseous,    homy,    and 
those  of  stony  consistency.    To  G.  A.  Schmidt  are  we  indebted  for  formu- 
lating  our  first  conception  of  cataracta  natalis,  (the  cataracta  tremula— 
Richter),  cataracta  pt/ramidata.  cataracta    capsularis    arida    siliqnata,  the 
cataracta  capsularis  cvni  bursa  iclwremronti neuf e, cataracta  trahecvlaris  Rixi 
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arhoresences.  Beer  (1817)  again  took  up  the  old  classification  of  Gqnz,  of 
the  true  and  false  cataracts,  and  the  latter  he  divided  into  a  numW  of 
special  varieties.  This  brought  discredit  to  his  work  in  later  years.  Still, 
one  should  not  forget,  that  the  clinical  pictures  which  he  portrayed  ^re  a 
positive  masterpiece,  so  that  even  at  the  present  day  his  first  chapter  is 
worthy  of  careful  study.  With  but  few  exceptions,  his  clinical  pictures  are 
as  true  today  as  when  they  were  written.'* 

"The  important  differences  between  lenticular  and  capsular  cataracts 
was  vigorously  opposed  by  Malgaigne,  and  he  had  many  adherents  to  hip 
belief.  He  denied  the  existence  of  capsular  cataract,  and  based  bis  opinion 
on  twenty-five  dissections  of  cataractous  lenses.  The  outcome  of  this  long 
discussion  finally  led  to  a  diflferent  anatomical  definition  of  capsular  cat- 
aract, so  that  one  might  more  readily  recognize  it  during  life.  Malgaigne 
was  correct  when  he  asserted  that  that,  which  up  to  that  time  had  been 
called  a  capsular  cataract,  was  in  fact  a  cortical  cataract  This  is  further 
evidenced  by  the  clinical  records  of  that  time,  for  the  capsular  cataract  of 
that  time  was  often  said  to  have  been  completely  absorbed  after  the  opera- 
tion. We,  however,  know  today  that  the  capsular  cataract  remains  entirely 
unchanged  by  the  action  of  the  aqueous  humor.'* 

"The  expression  liquor  Morgagni*  is  an  obsolete  expression  for  the 
tissue  fluids  found  between  the  individual  lens  fibres.  If  this  expression  is 
retained,  one  more  form  of  cataract  must  be  enumerated,  cataracta  stellata* 
The  form  cataracta  Morgagni  is  due  to  an  entirely  diflferent  cause.'*^ 

THE  DIAGNOSTIC  FEATURES  OF  CATARACT.  "Neariy  all 
those  characteristics  which  aid  us  in  making  the  finer  distinctions  between 
the  various  forms  of  cataract  can  be  observed  by  the  eye,  or  be  determined 
by  visible  peculiarities,  such  as  their  consistence.  Therefore,  the  diag- 
nosis of  grey  cataract  is  pre-eminently  an  objective  one.  However,  the* 
vastly  improved  methods  of  examination  which  have  come  into  vogue  have 
greatly  facilitated  this  work.  By  this,  I  mean  the  oblique  or  focal  illumina- 
tion, the  easy  and  convenient  use  of  the  alkaloid  of  belladonna,  sulphate  of 
atropine;  also,  homatropine,  and  at  a  still  later  day,  of  cocaine,  and  the 
refracting  opthalmoscope.^'  The  opthalmoscope  dates  back  to  the  year 
1851,  whereas  atropine  is  older,  Himly  having  spoken  of  it  in  1806.  (289, 
p.  35).  Cocaine  was  introduced  into  opthalmology  by  KoUer  in  1882. 
The  present  state  of  the  completeness  of  diagnosis,  has  been  attained  as 
the  result  of  the  impetus  given  by  Helmholz  to  Von  Graefe  and  Liebreich,^* 
and  at  a  still  later  day  to  Hirschberg,  Magnus,  Schoen  and  others.     The 
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combined  use  of  a  mydriatic  and  the  refracting  opthalmoscope  have  raised 
the  diagnosis  of  cataract,  to  a  positive  position,  as  a  result  of  the  objective 
examination  of  the  eye. 

"If,  by  means  of  a  lens  of  short  focal  length,  one  concentrates  the 
light  from  a  lamp,  on  the  pupil  of  an  eye  dilated  by  a  mydriatic,  one  sees 
nothing  of  the  parenchyma  of  the  lens,  if  the  individual  is  young.  Under 
certain  conditions,  one  does  see  the  reflected  images  of  the  light  on  both 
surfaces  of  the  lens — but  nothing  more.  However,  even  in  children,  if 
one  accurately  concentrate  the  point  of  a  bundle  of  rays  exactly  in  the 
centre  of  the  pupil,  olie  may  get  a  very  faint  greyish  reflex,  which  moves 
simultaneously  with  the  movement  of  the  lens.  This  grey  reflex,  however, 
never  becomes  so  pronounced,  as  its  analogous  phenomenon  when  practiced 
on  the  transparent  cornea. 

In  older  individuals,  as  early  as  the  twentieth  year,  the  anterior  surface 
of  the  lens  discloses  a  faint  silky  gloss.  That  this  does  not  originate  in  the 
capsule,  but  in  the  most  superficial  layers  of  the  lens,  is  evident,  notwith- 
standing the  fact  that  it  seems  to  be  in  the  same  plane  with  the  edge  of  the 
pupil^  because  one  simultaneously  sees  the  radiating  striae,  also  the  anterior 
lens  star  and  its  wedge-shaped  spaces.  About  the  thirtieth  year,  often  not 
until  near  the  fortieth  year,  one  obsen^es  in  the  depth  of  the  lens  a  faint, 
and  increasing  with  yearc,  a  gradually  increasing  yellowish  reflex,  the  sure 
sign  of  the  formation  of  the  senile  nucleus.  As  age  advances,  the  silken 
gloss  increases  and  the  anatomical  arrangement  of  the  lens  fibres  becomes 
more  distinctly  perceptible,  and  the  yellowish  reflex  becomes  a  more  dis- 
tinct red.  In  exceptional  cases,  perhaps  where  the  equatorial  diameter  of 
the  lens  is  abnormally  small  or  where  the  base  of  the  cornea  is  very  large, 
one  will  observe,  when  the  pupil  has  been  dilated  ad  maximum,  that  the 
edge  of  the  lens  is  reflected  as  a  yellow  ring.  In  very  exceptional  cases, 
one  can  perceive  at  the  equator  of  the  lens  fine  radiating  lines,  which  ex- 
tend beyond  the  edge  of  the  lens,  and  these  must  be  looked  upon  as  the 
insertion  of  the  zonula  fibres.  In  cases  of  congenital  and  acquired  coloboma 
of  the  iris  one  can  often  see  the  edge  of  the  lens,  but  even  then  the  zonula 
fibres  are  but  rarely  seen.  In  advanced  age  there  appears,  however,  beside 
the  equatorial  marked  contour,  somewhat  inward  from  this,  a  second  con- 
centric grey  cloudiness  (gerontoxon  lentis),  without,  however,  on  this 
account  an  actual  cloudiness  being  present. 

In  the  aged,  as  is  well  known,  the  pupil  no  longer  has  the  pure  black 
color,  as  it  exists  in  children.  The  more  dilated  the  pupil,  the  more 
noticeable  this  becomes.  As  a  result,  in  an  eye  under  the  influence  of  a 
mydriatic,  one  observes,  even  with  the  naked  eye,  (more  distinctly,  how- 
ever, by  focal  illumination  and  especially  frequent  in  myopic  eyes),  the 
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nucleus  of  the  lens  encased  in  a  globular,  cloudy  opacity,  with  a  gradually 
fadings  washed-out  periphery,  whereas  the  zone  more  toward  the  equator 
appears  darker;  that  is,  is  more  transparent. 

The  warning  can  not  be  too  emphatically  stated,  to  beware  of  making 
a  diagnosis  of  cloudiness  of  the  lens,  and  of  cataract,  when  such  reflexes 
are  present.  The  diagnosis  is  only  then  permissable  when  examination  v*ith 
the  opthalmoscope  discloses  non-transparent  spots  or  opacities,  in  the  same 
places  where  these  reflexes  were  absented  on  focal  illumination. 

In  making  the  examination  by  means  of  the  opthalmoscope,  the  rays 
reflected  from  the  fundus  are  the  important  ones,  not  the  incident  rays. 
By  means  of  the  mirror,  an  illuminated  field  is  created  behind  the  lens,  in 
front  of  which  field,  the  entirely  transparent  medium,  the  lens,  seems  to 
float.  If  the  lens  system  is  likewise  clear,  aside  from  the  possible  reflexes 
on  the  surface  of  the  lens,  one  does  not  become  aware  of  its  presence.  If, 
however,  there  are  portions  which  are  not  fully  permeable  to  light,  these 
portions  will  appear  in  front  of  the  illuminated  background,  as  non- 
illuminated,  hence  dark  or  black  spots,  since  they  obstruct  the  returning 
light.  Therefore,  only  then,  after  those  centrally  located  grey,  cloudy 
masses  which  appear  on  focal  illumination,  likewise  appear  as  dark  spots 
on  opthalmoscopic  examination,  is  one  justified  in  making  a  diagnosis  of 
cataract.  Frequently  this  is  not  the  case.  '  However,  such  a  nuclear  cloudi- 
ness often  differentiates  itself  in  such  a  manner,  that  one  can  see,  in  the 
middle  of  the  dilated  pupil,  at  a  perceptible  distance  from  the  pupillary 
plane,  a  dark-red  globular  body.  But  one  can  easily  observe,  on  moving  the 
mirror,  that  the  contours  change  their  position,  so  that  this  phenomenon 
can  also  be  accepted  as  a  sign  of  total  reflection,  by  means  of  which  the 
non-homogenous,  strongly  light-reflecting  nucleus  has  separated  itself 
from  the  cortical  substance. 

According  to  Schweigger,  (1309,  a.  p.,  26),  by  means  of  focal  illumina- 
tion and  the  opthalmo^ope,  one  can  determine  (in  myopes)  if  there  is  an 
abnormal  increase  in  the  index  of  refraction  of  the  nucleus  of  the  lens. 
Conducting  such  an  examination  with  the  naked  eye,  using  the  ordinary 
daylight,  (more  so,  however,  by  focal  illumination),  the  nucleus  of  such 
an  eye  reflects  more  light  than  does  a  normal  eye.  On  making  an  opthal- 
moscopic examination  with  a  plane  mirror,  the  nucleus  is  easily  differenti- 
ated from  the  cortex.  This  is  most  easily  observed,  if  by  making  slight 
movements  with  the  mirror  one  tries  to  get  around  the  nucleus.  This 
change  is  frequently  one  of  the  partial  phenomenon  of  myopia;  it  does, 
however,  also  occur  during  the  initial  stage  of  so-called  nuclear  cataract. 

Whereas,  on  focal  illumination,  the  edge  of  the  lens  appears  as  a  fatty 
or  glistening,  golden  ring,  on  use  of  reflected  light,  it  appears  as  an  equally 
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broad,  dark,  band-like  ring.  The  incident  rays  of  light  are  met  near  the 
equator  by  the  rays  of  light  reflected  from  the  fundus  as  they  pass  from 
the  lens  into  the  aqueous  humor,  and  are  totally  reflected  in  a  naiTow  zone. 
This,  at  times  glistening,  at  times  black  ring,  grows  broader  during  the 
act  of  accommodation;  also,  in  eases  in  which  the  zonula  is  torn.  In  this 
way,  a  partial  tearing  of  the  zonula  can  be  diagnosticated.^  Only  twice 
was  Becker  able  to  see  thes^  folds  and  the  insertion  of  the  zonula  fibres 
with  the  opthalmoscope. 

F.  Dimmer,**  states  that  "the  light  from  the  fundus  is  reflected  in 
such  a  manner  by  the  edge  of  the  lens  that  it  can  not  be  observed  by  the 
investigator  as  he  looks  through  the  little  hole*  in  his  opthalmoscopio 
mirror.  This  edge,  however,  becomes  light  red  as  soon  as  the  observer's 
eye  is  brought  in  such  a  position  as  to  permit  the  reflected  light  to  enter 
the  pupil  of  the  observer.  Then,  however,  only  the  edge  appears  red.  In 
the  normal  lens  the  same  conditions  may  be  observed,  only  that  the  dark 
edge  is  narrower.  In  luxated  lenses,  which  assume  a  more  globular  form, 
the  reflection  of  light  along  the  edge  must  be  greater.  He  also  considers 
the  phenomenon  of  reflection  of  light  along  the  edge  of  the  lens,  by  focal 
illumination.  He  differs  from  all  authorities,  and  states  that  this  reflex  is 
only  visible  when  the  lens  is  in  its  normal  position,  (not  even  when  there 
ii-  a  large  defect  in  the  iris).  This  he  concludes  is  due  to  total  reflection  of 
light  on  the  posterior  surface  of  the  lens. 

In  the  alternating  use  of  focal  and  direct  illumination  with  a  dilated 
pupil,  we  have  at  our  command  th«  absolute  means  of  finding  every;  in  fact, 
the  minutest  opacities  of  the  lens;  of  recognizing  and  demonstrating  them. 
Only  then  does  the  opthalmoscope  lose  its  value  to  diagnosticate  cataract 
wh'cn  the  cloudiness  has  become  so  dense  and  advanced  to  such  a  degree  as 
to  prevent  the  light  being  reflected  from  the  depths  of  the  fundus,  hence 
tio  longer  giving  a  red  reflex.  On  illuminating  the  pupil  with  the  opthal- 
moscope, the  mirror  now  acts  just  as  it  does  on  focal  illumination.  In  such 
cases,  however,  the  presence  of  cataract  is.  no  longer  a  mooted  question. 
The  more  accurate  diagnosis  as  to  the  quality  of  the  cataract  depends  on 
the  focal  illumination. 

The  following  statements  of  Becker  are  especially  interesting  and  of 
historical  value,  since  they  were  made  before  the  refracting  opthalmoscope 
had  come  into  use,  by  means  of  which  instrument,  as  has  been  pointed  out 
on  page  77,  it  has  become  possible  to  detect,  one  might  almost  say,  miero- 


26  A  study  for  making  the  edge  of  the  lens  visible,  see  "Function  der  Cillar- 
fortsatze,"  Wlen.  Med.  Yahr,  b.  1863,  S.  165. 

26Graefe  Arch.,  Vol.  XXXVIII,  B.  4,  1892.   "Beitmg  zur  Opthalmoscope." 


ocopical  changes  in  the  lens,  long  before  they  begin  to  make  themselves  a 
source  of  discomfort  and  annoyance  to  those  so  affected.  With  this  instru- 
ment, it  is  possible  to  study  the  development  of  cataract  from  its  very  in- 
cipiency  and,  one  might  say,  to  focus  every  lamella  of  the  lens.  Becker 
says,  'In  the  examination  of  partial  and  incomplete  cataract  formations, 
the  opthaJmoecope  is  especially  valuable.  Here  it  serves,  not  only  to  give 
a  more  intense  illumination,  but  acts  as  a  magnifying  glass.  To  accomplish 
this,  a  myope  must  approach  the  eye  to  the  distance  of  his  near  point,  the 
emmetrope  and  hyperope  must  make  himself  a  myope  by  adding  a  convex 
glass  to  his  opthalmoscope.  Very  advantageous  in  such  cases  is  the 
method  suggested  by  Mauthner,  Liebreich  and  Becker,  by  the  direct  method, 
placing  a  strong  convex  glass  between  the  mirror  and  the  eye,  as  near  as 
possible  to  the  latter.  Himly  ^  attempted  to  accomplish  the  same  end  and 
proposed  putting  a  pair  of  "cataract  glasses"  on  the  cataract  patient  and 
then  making  the  examination  by  a  bright  illumination.  Such  an  examina- 
tion can  almost  be  considered  a  microscopical  one.  True,  by  this  method, 
one  has  not  been  able  to  discover  any  new  facts,  but  the  ability  to  decide 
the  relative  position  of  the  cloudy  portions  to  each  other  has  been  made 
very  much  easier.  By  bringing  a  two-inch  (20  D.)  lens  as  close  as  possible 
to  the  cornea,  one  can  easily  approach  the  posterior  pole  of  the  lens.  This 
method  will  become  still  more  prevalent  in  examinations  of  secondary  cata- 
racts, cataracta  accreta,  capsular  cataracts,  and  posterior  polar  cataracts. 
Thus  we  see  that  though  they  did  not  possess  the  valuable  instrument 
(refracting  opthalmoscope),  they  were  already  on  the  right  road  to  its  de- 
velopment. 

The  opthalmoscope  also  aids  us  in  differentiating  between  cloudiness 
in  the  lens  and  other  media  of  the  eye.  Macula  comeae  can  be  recognized 
by  focal  illumination,  but  when  vitreous  opacities  are  present,  the  opthal- 
moscope at  once  demonstrates  its  great  value. 

If  the  eye  is  held  perfectly  still  and  the  fundus  illuminated  by  the 
mirror,  all  those  opacities  which  lie  in  the  line  of  the  returning  rays  of 
light  will  appear  as  shadows  on  an  illuminated  background,  and  at  the 
same  time  will  appear  to  be  removed  a  certain  distance  from  the  edge  of 
the  pupil.  Thus  all  opacities  on  the  cornea,  in  the  lens  or  vitreous,  which 
lie  in  the  line  of  the  axis  of  vision  will  cover  each  other.  If,  however,  the 
observer  moves  his  head  and  the  mirror  slowly  to  one  side,  the  various 
opacities  lying  at  different  depths  will  not  only  shift  their  relative  positions 
and  distance  to  each  other,  but  they  will  also  do  this  in  their  relation  to 
the  edge  of  the  pupil.    Only  those  opacities  which  lie  exactly  in  the  plane 

27  J.  B.  Fleury,  Diss.   Sur  la  Cataraote.    Paris. 
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of  the  pupil  do  not  change  their  distance  from  the  edge  of  the  pupil. 
Since,  where  the  topographical  relations  are  normal,  the  anterior  capsule  of 
the  lens  occupies  this  position,  this  relation  gives  us  a  positive  means  of 
recognizing  anterior  central  capsular  cataract;  also,  deposits  on  the  anterior 
capsule.  On  rotating  the  mirror,  those  opacities  most  anteriorly  situated 
seem  to  move  in  an  opposite  direction,  whereas  those  farthest  back  seem 
to  ge  in  the  same  direction  as  the  edge  or  rim  of  the  mirror.  The  further 
they  are  removed  from  the  iris,  the  more  rapid  appear  to  be  the  changes 
in  position.  Opacities  in  the  vitreous  seem  to  reach  the  edge  of  the 
illuminated  area  much  more  rapidly  than  do  opacities  in  the  lens,  and  like- 
wise disappear  more  rapidly  behind  the  iris.  If  the  observer  remains  quiet, 
and  the  examined  eye  is  moved,  all  the  phenomenon  take  place  in  an  exactly 
opposite  direction.  The  diagnosis  gains  in  certainty  because  vitreous  opaci- 
ties are  but  seldom  fixed,  and  as  a  rule  they  move  about,  even  after  the 
eye  has  been  brought  to  rest.  Hence  it  is  always  necessary  to  e^camine  by 
both  methods.^*  'In  exceptional  cases,  it  may  become  necessary  to  prove 
that  the  lens  is  present  in  the  pupillary  area.  For  this  purpose,  we  avail 
ourselves  of  the  images  reflected  on  the  surface  of  the  lens.  The  appear- 
ance of  but  one  of  the  images  is  sufScient  to  demonstrate  positively  the 
presence  of  the  lens.  Before  the  invention  of  the  opthalmoscope,  and  be- 
fore its  methods  of  use  had  been  perfected,  the  examination  by  focal 
illumination  and  the  study  of  the  images  reflected  on  the  lens  were  of  the 
very  greatest  value.  This  method  was  introduced  into  opthalmology  by 
the  Parisian  oculist,  Sanson,  and  the  small  reflected  images  were  named 
after  him  and  their  discoverer,  Purkinje,  the  Purkinje-Sanson  pictures. 
Even  today,  this  method  will  conclusively  decide  whether  a  cloudiness 
near  the  posterior  capsule  is  in  front  of  or  behind  it.  If  there  be  an  opac- 
ity of  the  lens,  the  light  being  placed  in  a  certain  position,  the  reflected 
image  will  either  disappear  entirely  or  become  more  or  less  indistinct  at  the 
point  correspondiiig  to  this  opacity.  If,  however,  this  opacity  is  in  the 
vitreous  instead  of  in  the  lens,  the  reflected  image  will  not  only  be  present 
in  the  posterior  capsule,  but  in  some  instances  it  will  become  even  more 
distinct  and  stand  out  more  clearly. 

In  diagnosing  diffuse  opacities  of  the  lens,  these  reflected  images 
become  valuable.  Whereas  the  picture  on  the  anterior  capsule  can  be  made 
visible  everywhere,  that  on  the  posterior  capsule  will  appear  blurred, 
("washed  out''),  or  entirely  hidden.  Mauthner  (1.  c,  p.  148)  observed  a 
most  peculiar  condition  of  this  picture,  it  appearing  to  him  blood-red.  This 
peculiar  color  determines  the  presence  of  a  diffuse  cloudiness  of  the  lens. 

28  Liebrich,  1.  c,  486.     Mauthner,  c.  p.,  153. 
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A  faint  reddish  hue  is  almost  always  present,  even  when  the  picture  is  but 
slightly  blurred.  This  is  due,  as  is  well  known,  to  the  influence  which 
cloudy  media  exert  on  mixed  rays  of  light;  the  same  reason  causes  the 
setting  sun  to  appear  red.  Ignorance  of  this  fact  has  more  than  once  led 
to  the  diagnosis  of  the  presence  of  blood  or  blood  coloring  matter  in  the 
lens.  Reuti  ^  passingly  makes  this  remark^  to  which  I  desire  to  call  at- 
tention. He  says,  (speaking  of  the  lens  capsule  as  a  permeable  membrane 
which  permits  endosmosis),  "This  explains  the  reason,  why  at  times  the 
lens  takes  on  a  red  color  when  the  coloring  matter  is  present  in  the  vitreous 
and  aqueous. 

Case.  "  An  aged  nurMe  wag  struck  with  a  whip  In  the  right  eye  by  her  mis- 
tress. The  slight  Injury  to  the  lid  healed  readily.  Though  externally  the  eye 
appeared  normal,  the  woman  declared  that  she  could  see  nothing  with  that  eye, 
and  the  family  not  believing  her,  she  brought  suit  for  damages.  The  pupil  was 
round,  black  aud  reacted  to  light.  As  a  result,  the  doctors  who  examined  her  at 
the  trial,  stated  that  the  woman's  declaration  was  untrue.  She  then  applied 
at  the  clinic  of  Prof.  Yaeger,  and  the  examination  revealed  the  fact  that  no 
light  was  reflected  from  the  fundus.  The  PurklnJe-8anson  pictures,  however, 
proved  that  the  lens  was  present  in  Its  proper  place.  Projection  of  light  was 
retained  in  all  directions.  Angers,  however,  could  not  be  counted.  The  retina 
must,  therefore,  have  been  everywhere  adherent  to  the  choroid,  and  the  disturb- 
ance  of  vision  must  necessarily  have  been  due  to  a  large  amount  of  blood  in  the 
vitreous." 

Liebreich's  corneal  microscope  is  also  useful,  e?pecially  in  examining 
the  anterior  portion  of  the  lens.  By  this  method  one  is  able  to  differentiate 
much  more  eaj*ily  than  by  focal  illumination,  anterior  cortical  cataract, 
capsular  cataracts  and  deposits  on  the  anterior  layer  of  the  capsule.  In 
examinations  of  secondary  cataracts  and  cases  of  occhision  of  the  pupil  after 
cataract  operations,  this  instrument  is  of  service  and  may  be  of  great  value 
more  especially  in  determining  with  certainty,  whether  or  not  new-formed 
vessels  are  present  in  thds  secondar}-  cataract.  If  a  binocular  microscope  is 
used,  the  very  important  point,  (namely,  the  decision  as  to  the  seat  and 
position  of  the  opacity)  is  made  much  easier. 

The  application  of  the  same  principle  in  a  simple  manner,  consists 
in  -the  use  of  a  lens,  while  practicing  focal  illumination.  This  method  was 
also  recommended  by  Mauthner  (1.  c,  p.  136).  One  can  use  as  a  corneal 
loup,  a  simple  convex  lens,  such  as  every  doctor  carries  in  his  vest  pocket. 
For  clinical  demonstration,  the  binocular  lens  should  certainly  be  preferred 
to  an  ordinary  reading  glass.  Owing  to  the  stereosco[)ic  distortion,  the  dif- 
ferences in  depth  stand  out  very  distinctly. 


»  Hnudworterbuch  der  Physiologie,  III.  2,  S.,  23o. 
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The  examination  by  the  above-mentioned  methods  gives  such  great 
and  positive  assistance  in  determining  with  certainty  the  presence  of  opaci- 
tes  in  the  crystalline  lens,  that  the  examination  by  ordinary  daylight  with- 
out the  aid  of  optical  appliances  has,  with  right,  been  relegated  to  the  past. 
It  is  true  that  one  may  recognize  not  only  the  mature  or  neariy  total  cata- 
ract, with  the  naked  eye,  but  even  at  times  the  partial  cataract.  It  is  also 
true  that  a  trained  eye  can  not  overlook  the  central  capsular  cataract,  a 
central  lens  cataract  or  other  forms  which  are  apparent.  But  one  can  not 
warn  too  often  against  making  a  diagnosis  with  the  naked  eye,  of  cataract 
in  every  case  of  discernible  opacity  back  of  the  pupil  in  old  people.  A  very 
apparent  and  perceptible  grey  color  of  the  lens  may  be  due  to  senile  scler- 
osis of  the  lens. 

The  presence  of  cholesterine  in  the  lens  gives  it  a  most  peculiar  ap- 
pearance. Even  with  the  naked  eye,  one  at  once  recognizes  the  fine  glisten- 
ing points.  Where  a  large  number  of  these  crystals  are  present,  on  focal 
illumination  they  may  take  on  a  stary  appearance.  As  a  rule,  they  give  no 
evidence  of  movements.  However,  if  the  cortex  has  become  fluid,  they  can 
be  seen  to  move  about.  The  presence  of  these  crystals  always  signifies  that 
not  only  a  retrogressive  metamorphosis  has  set  in,  but  that  it  is  already 
somewhat  advanced.  Consequently,  they  are  only  found  in  over-ripe  cata- 
racts. They  develop  more  frequently,  however,  in  the  soft  cataracts  of 
youth. 

A  most  interesting  case  is  described  by  Van  Graefe,30  in  which  the  nucleus 
was  totally  transparent,  and  the  cortical  substance  between  the  individual  con< 
glomerations  of  crystals  seemed  to  be  but  slightly  affected,  as  though  they  had 
been  breathed  on.  Though  light  was  reflected  from  the  fundus,  it  was  very 
difficult  to  gain  a  distinct  view  of  the  fundus.  In  the  other  eye  this  woman,  who 
was  73  years  of  age,  had  a  Cataracta  Morgagni. 

"THE  SUBJECTIVE  SYMPTOMS  which  are  caused  by  grey  cata- 
racts  are,  generally  speaking,  those  due  to  disturbance  of  vision.  Before 
the  invention  of  the  opthalmoscope,  by  subjective  symptoms  alone,  cata- 
racta incipiens  was  recognized,  or  rather  concluded  to  be  present.  Among 
the  older  works  on  the  eye — ^and  I  will  mention  one,  which  is  just  on  the 
border-line  of  the  new  era  of  opthalmology,  'The  Pathology  of  the  Human 
Eye,*  by  Dalrymple,  1852 — the  consideration  of  the  subjective  symptoms 
is  given  a  strikingly  large  amount  of  space.  The  differential  diagnosis  be- 
tween beginning  optic  atrophy,  glaucoma  and  cataract  up  to  1852  knew  no 
aids  other  than  the  most  ingenious  use  of  the  subjective  symptoms.'*  To- 
day the  inability  to  recognize  a  beginning  cataract  is  confined  only  to  those 

30  Arch.  f.  Optli.,  17,  p.  323. 
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who  do  not  know  how  to  use  the  opthalmoseope  in  a  methodical  manner. 
However,  even  today  a  knowledge  of  the  objective  symptoms  is  a  valuable 
adjunct.  They  teach  us  how  to  recognize  with  a  great  degree  of  certainty, 
even  without  an  examination,  the  cause  of  the  complaint  with  which  the 
patient  comes.  By  these  alone  it  is  possible,  when  a  mature  total  cataract 
is  present,  to  decide  if  a  complication  is  present  or  not." 

^'According  to  Arlt,  (1.  c,  p.  277),  a  portion  of  the  disturbances  of 
vision  which  must  follow  where  a  lens  is  affected  with  a  partial  cataract 
can  be  studied  by  the  following  experiments.  He  uses  a  lens  having  a  focal 
length  of  two  inches  and  fastens  on  this,  globules  and  striae  of  wax,  of 
diflEerent  sizes  and  form,  some  on  the  anterior,  some  on  the  posterior  sur- 
face, some  in  the  region  of  the  pole,  some  on  the  edges.  By  cementing  to- 
gether two  plano-convex  lenses  between  which  has  been  placed  a  circular 
piece  of  paper,  either  partially  transparent  or  totally  dense,  leaving  a 
greater  or  less  wide  transparent  margin  around  the  periphery,  the  nuclear 
cataract  can  be  imitated.  At  the  same  time,  by  holding  in  front  of  this 
diaphragms  of  various  sizes,  one  can  demonstrate  the  influence  of  a  wide 
or  a  narrow  pupil.  The  image  of  «i  window'  or  a  lamp,  thrown  up  by  a  lena 
treated  in  this  manner,  can  be  caught  in  the  room  on  a  white  paper  screen. 
Such  experiments  become  very  elegant,  when  a  camera  obscura  is  used,  or 
an  apparatus  such  as  is  used  by  me  (Becker)  in  demonstrating,  the  anoma- 
lies of  refraction."  By  means  of  a  water  trough  placed  between  the  lens 
and  a  ground-glass  plate,  the  influence  of  such  opacities  on  the  form  and 
direction  of  these  deflected  bundles  of  rays  can  be  very  prettily  shown.  By 
the  combination  of  two  plano-convex  glasses,  between  which  various  thick- 
nesses of  paper  have  been  fastened  and  then  cemented  together  with  Can- 
ada balsam,  one  possesses  a  splendid  means  of  demonstrating  the  influence 
of  total  cataract  on  vision.  More  especially  the  fact,  that  in  cases  of  total 
cataract  the  power  of  projection  of  light  is  retained  by  the  retina,  is  worthy 
of  experimental  demonstration  in  the  clinic  before  the  students.  Generally 
speaking,  the  disturbance  of  vision  dependent  on  grey  cataract,  at  first  in- 
terfere with  the  accuracy  of  distinguishing  objects  at  a  distance;  gradually 
this  is  also  lost  for  near,  until  finally  objects  can  no  longer  be  recog- 
nized by  their  contours,  without  ever  at  any  time  sensation  to  light  or  the 
appreciation  of  color  being  lost.  This  is  true  of  partial  as  well  as  of  total 
cataracts.  Nevertheless,  disturbances  of  vision  in  both  forms  deserve  a 
separate  consideration." 

"PARTIAL  CATARACTS,  when  small  or  located  in  the  periphery, 
have  such  unimportant  influence  on  the  eye,  that  the  individual  does  not 
feel  necessitated  to  have  the  eye  examined.  Such  stationary  opacities  at 
times  are  accidentally  met  with.     If  such  stationary  opacities  are  larger. 
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they  cause  an  unsymmetrical  refraction  of  the  rays  of  light  in  the  trans- 
parent portions' of  the  lens  and  can  give  rise  to  lenticular  astygmatism. 
Opacities  situated  directly  in  the  axis  of  the  lens,  often  congenital,  need 
not  necessarily  give  rise  to  disturbances  of  vision.  In  and  of  themselves, 
they  only  cause  a  less  amount  of  light  to  take  part  in  the  f onnatlon  of  the 
retinal  images;  consequently,  they  only  influence  the  brightness  of  the 
image.  The  sharp  outline  of  the  retinal  image  is  influenced,  when  the 
opacity  in  the  lens  is  not  sharply  defined  or  is  not  perfectly  opaque,  so  that 
the  diffuse  light  shed  on  the  retina  makes  the  image  appear  as  though  cov- 
ered by  a  veil.  This  also  occurs  frequently  where  there  is  an  anterior  cen- 
tral capsular  cataract,  and  this  always  occurs  where  there  is  a  posterior 
polar  cataract,  and  the  capsule  has  lost  its  convexity  and  become  wrinkled. 
Very  large  axial  cataracts  can  greatly  disturb  vision,  because  they  may 
totally  block  the  pupillary  area.  If  experience  teaches  us  that  the  axial 
cataract  is  frequently  associated  with  nystagmus  and  very  reduced  vision, 
it  is  not  to  be  assumed,  as  is  shown  by  Beute,  that  this  condition  of  nystag- 
mus is  the  result  of  the  axial  cataract,  but  the  cause  of  both  the  cataract 
and  the  nystagmus  is  to  be  sought  in  the  lack  of  development  in  size.*' 

"Zonular  cataract  is  deserving  of  especial  mention.  Such  eyes  are 
myopic,  and  have  reduced  vision.  The  myopia  is  due  in  part  to  the  fact, 
that  only  those  rays  of  light  come  together  to  form  the  retinal  image  which 
pass  through  the  edge  of  the  lens;  partially  due  to  the  eye  strain  developed 
while  looking  at  near  objects.^' 

"During  the  earliest  years  of  life,  such  patients  see  best,  for  though 
the  zonular  cataract  remains  stationary,  it  will  become  more  compact  as 
long  as  the  individual  continues  to  grow.  If  the  lamella  in  which  the 
opacity  is  located  is  very  thin,  even  if  this  be  not  continuous,  the  patient 
will  see  by  means  of  the  rays  of  light  which  pass  through  the  cataract.  The 
more  the  light  is  cut  off  by  the  zonular  cataract,  the  more  the  patient  will 
be  dependent  on  the  light  which  passes  through  the  periphery  of  the  lens. 
He  will  therefore  see  better  when  the  pupil  is  dilated.  If  the  zonular  cata- 
ract progresses,  the  effect  will  be  exactly  the  same  as  though  there  were  a 
total  cataract.*' 

TOTAL  CATABACT.  PhiUp  von  Walter  (1.  c,  p.  48)  claims  to  have 
observed  that  just  previous  to  the  development  of  the  cloudiness  in  the 
lens,  the  features  of  the  patient  are  especially  clear  and  sharply  defined. 
Later  authorities  have  not  been  able  to  verify  this  observation;  however, 
aU  agree  with  him  in  another  observation,  namely,  that  during  the  forma- 
tion of  a  cataract  many  eyes  which  formerly  were  not^  become  myopic. 
Scarpa  ^  supposed  that  this  was  due  to  the  fact,  that  in  cataracta  incipiens 

31  Traite  Practiquqe  des  Maladies  des  Yeux.    Paris,  1802,  II. 
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the  lens  becomes  more  convex.  Where  the  development  is  a  rapid  one, 
(therefore,  generally  speaking,  in  cases  of  soft  cataract),  there  is  a  marked 
convexity  of  the  anterior  surface  of  the  lens;  this,  however,  occurs  at  a 
time  when  vision  has  become  greatly  reduced,  so  that  the  question  of  myopia 
is  no  longer  to  be  considered.  Arlt  has  assigned  a  better  reason  (1.  c,  p.  II., 
278).  According  to  him,  myopia  only  occurs  then,  when  the  opacities  are 
of  such  a  size,  and  in  such  a  position,  as  to  prevent  the  passage  of  rays  of 
light  through  the  axis  and  adjacent  parts  of  the  lens,  so  that  only  those 
rays  which  pass  through  the  periphery  of  the  lens  are  brought  to  a  focus. 
The  condition  of  the  lens  influences  the  character  of  the  image  produced 
on  the  retina,  in  that  it  is  poorly  illuminated,  is  faint  and  indistinct,  and, 
all  things  being  equal,  not  so  far  away  from  the  lens.  This  also  explains 
why  it  is,  that  every  cataract  which  originates  in  the  centre  of  the  lens  in- 
terferes with  the  proper  perception  and  differentiation  of  distant  objects. 

However,  one  should  not  overlook  the  fact,  that  a  portion  of  this 
myopia  is  only  apparent.  The  fact  is  undoubtedly  true,  that  in  incipient 
cataract  objects  of  a  certain  size  must  be  brought  closer,  in  order  to  be  rec- 
ognized. Here  we  are  dealing  with  a  condition  similar  to  that  observed  in 
amblyopia,  and  as  is  especially  noted  in  high  degrees  of  hyperopia. 

On  bringing  an  object  close  to  the  eye,  especially  when  the  pupil  is 
movable,  the  circles  of  dispei-sion  do  not  grow  as  fast  as  the  size  of  the 
image;  even  though  it  be  not  so  distinct,  one  doet>  see  comparatively  good 
under  such  circumstances,  when  an  object  is  brought  very  near  to  the  eye. 
It  is  a  well-known  fact,  that  for  this  very  reason,  as  late  as  the  fifties,  high 
degrees  of  hyperopia  were  mistaken  for  myopia.  (Stellwag  and  Von 
Graefe).  That  a  large  percentage  of  the  cases  under  consideration  were 
hyperopic,  and  not  myopic,  is  apparent  from  the  fact,  that  vision  can  be 
improved  by  the  use  of  a  moderately  strong  convex  lens,  just  at  the  tim** 
that  a  cataract  is  developing.  Donders,  (1.  c,  p.  190),  however,  draws  at- 
tention to  the  fact,  that  where  there  is  a  re<luction  of  vision,  the  wearing  of 
a  convex  glass  is  seldom  of  any  benefit,  and  in  those  cases  where  a  beginning 
cataract  is  the  cause  of  the  disturbance  of  vision,  he  advises  especial  care, 
owing  to  the  frequency  oi  complications. 

For  the  more  recent  views  on  tliis  subject,  see  (("hapter  IV.,  Part  I., 
page  60)  the  considerations  concerning  ''The  change  in  the  index  of  re- 
fract ion  of  the  lens.'' 

"In  cases  of  cataract,  the  power  of  acconiniodation  is  always  reduced, 
or  entirely  wanting.  This  is  not  entirely  dei)endent  on  the  fact,  that  the 
power  of  accommodation  is  always  re<luced  in  the  aged  in  w^hom  cataract 
most  frequently  develops,  for  this  same  fact  is  almost  invariably  noted  when 
there  is  a  partial  or  stationary  cataract.     This  has  more  especially  been 
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found  to  be  the  ease  in  zonular  cataract,  having  verified  this  years  ago  in  a 
series  of  examinations  conducted  by  Prof.  Schulek  and  myself.  (Becker). 
Even  young  individuals  who  have  zonular  cataracts  and  apparently  other- 
wise strong  and  healthy,  do  not  ahow  more  than  one-twentieth  of  the 
nonnal  amount  of  accommodation.  They  are  myopes,  though  slightly.  In 
just  such  cases,  Arlt's  explanation  would  seem  to  be  the  correct  one.'' 

"If  the  opacity  begins  in  the  centre  of  the  lens;  or,  as  one  is  wont  to 
say,  in  the  nucleus,  the  patient  will  see  less,  and  be  unable  to  differentiate 
objects,  if  he  looks  toward  the  light.  If,  however,  he  places  himself  at  the 
side  of,  or  even  turns  hia  back  toward  the  light,  he  will  see  better.  This  is 
due  to  the  fact,  that  the  light  causes  the  pupil  to  contract,  hence  the  rays 
of  light  fall  directly  on  the  centre  of  the  lens,  just  where  the  opacity  is 
greatest,  whereas,  when  the  eye  is  turned  away  from  the  source  of  light, 
the  pupil  is  dilated  and  the  rays  of  light  fall  on  the  transparent  edge  of 
the  lens." 

"The  case  is  entirely  different,  where  the  opacity  starts  in  the 
peripher}'  of  the  lens.  In  this  case,  the  patient  sees  better  when  there  is  a 
narrow  pupil  and  in  a  bright  light,  and  worse  when  the  pupil  is  dilated, 
always  presuming  that  the  opacity  has  not  advanced  as  far  as  the  centre  of 
the  lens." 

"The  foregoing  paragraphs  are  taken  verbatim  from  the  work  of  J.  A. 
Schmidt,^  published  in  1831.  This  is  true,  and  hence  the  oft-repeated  ad- 
vice to  use  atropine  where  there  is  a  beginning  cataract  is  not  always  a 
successful  practice.  It  is  not  at  all  an  infrequent  occurrence,  to  observe, 
that  where  the  pupil  is  dilated  in  order  to  allow  more  light  to  enter  the 
eye,  vision  becomes  more  indistinct,  and  the  patient  is  blended.  It  can 
easily  be  proven,  that  the  dilated  pupil  is  the  cause,  since  by  simply  placing 
a  diaphragm  in  front  of  such  an  eye,  sight  will  be  restored  to  its  former 
degree,  and  even,  in  some  cases,  improved." 

"According  to  the  investigation  of  Listing,^  there  are  met  with  in 
the  lens,  four  varieties  of  entoptic,  recognizable  and  distinct  objects  which 
are  constantly  present:  Pearl  spots,  dark  spots,  faint  striations,  and  dark 
lines.  Often  the  two  first  mentioned  are  in  all  probability  dependent  on 
cellular  formations  on  the  posterior  surface  of  the  anterior  capsule;  the 
faint  striations  are  mostly  confined  to  an  area  corresponding  to  the  anterior 
lens  star.  The  dark  lines  are  supposed  to  be  dependent  on  a  thickening  of 
the  capsule  (?).  Therefore,  in  a  patient  in  whom  we  suspect  incipient  cata- 
ract, where  by  means  of  a  diaphragm  we  have  brought  these  objects  into 


32  Von  Ammon's  Zeitsehrift,  I,  p.  345. 
83  Beltrag  zur  Physiol.  Opllk.,  1845. 
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view,  we  are  enabled  to  decide  whether  or  not  pathological  opacities  are 
present  in  the  lens.  The  patient,  without  the  slightest  hesitation,  can 
draw  these  opacities  on  a  piece  of  paper  for  you.  By  having  this  done  re- 
peatedly, one  can  accurately  determine  every  increase  and  change  of  form 
which  these  opacities  undergo.  An  increase  nearly  always  is  accompanied 
by  a  proportionate  optometric  reduction  in  vision." 

"It  is  not  without  interest  to  note,  that,  800  A.  D.,  the  philosopher 
and  physician,  Leo,^  makes  mention  of  the  fact  that  at  times,  during  in- 
cipient cataract,  mouches  volantes  appear.  Chapter  XXXIII.  reads  as  fol- 
lows: Ttept  v7roxvO€oo^:  oi  Si  rotovroi  xar  apxd^  /SXiirovai 
xooycoTtta  initio  culices  vident. 

"The  diaphragm  becomes  useful  in  another  way  in  diagnosticating  a 
beginning  cataract.  If  a  nuclear  cataract  is  present  and  the  pupil  is  not 
dilated,  the  diaphragm  will  materially  diminish  vision,  its  action  being 
similar  to  that  of  a  very  narrow  pupil.  In  cases  of  cortical  cataract,  vision 
can  often  be  markedly  increased  by  experimentally  moving  the  diaphragm 
about,  until  the  suitable  area  is  found.  In  such  a  case,  the  light  passes 
between  two  cloudy  portions,  through  a  transparent  part  of  the  lens  to 
the  retina.*' 

"According  to  the  investigations  of  Von  Helmholtz,  (1.  c,  p.  141),  the 
polyopia  monocularis,  which  occurs  in  all  normal  eyes,  is  due  to  the  fact, 
that  one  may  imagine  the  lens  made  up  of  a  number  of  sectores*,  which 
vary  slightly  in  their  index  of  refraction  and  hence  lead  to  slight  lateral 
displacements  of  the  various  images  against  each  other.  Monocular  poly- 
opia was  also  studied  by  Thomas  Young.^  He  looked  upon  them  as  a  part 
of  the  entoptic  phenomena  due  to  irregularities  in  the  lens.  Helmholtz 
satisfied  himself,  by  experimenting  on  his  own  eye,  that  certain  light  and 
dark  striations  which  belonged  to  the  entoptic  pictures  of  the  lens,  grad- 
ually became  merged  in  the  light  and  dark  spots  and  striations  of  the  star 
figure  of  monocular  polyopia,  when  he  gradually  increased  the  distance  of 
the  diaphragm  from  the  eye.  In  beginning  cataract  we  also  find  objective 
recognizable  irregularities  of  the  lens,  hence  it  should  not  be  a  matter  of 
surprise,  if  this  polyopia  became  more  conspicuous.  Not  infrequently  the 
very  first  subjective  symptom  of  beginning  cataract  is  this  phenomenon 
of  monocular  polyopia.  By  the  general  term,  'optical  irregularities,'  Helm- 
holtz fails  to  make  himself  clear  as  to  whether  he  really  means  irregulari- 
ties in  the  conditions  of  the  dioptic  system;  which,  however,  is  most  prob- 
ably the  case.  Such  irregularities  of  refraction  exist  in  the  lens  from  youth, 
but  owing  to  the  power  to  accommodate  accurately  these  slight  differences, 

34  Anecdota  Medica  Graeco  ed  ErmJrius  Lugd.  Bat,  1840,  p.  146. 

35  Phil.  Trans.,  1801,  1  pi.  VI,  p.  40. 
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scarcely  make  themselvce  noticeable;  but  with  increasing  age  and  the 
gradual  diminution  of  the  width  of  accommodation  they  become  more  ap- 
parent, and  when  cateract  begins  they  become  not  only  more  numerous^ 
but  the  inequalities  become  more  apparent.  Frequently  this  phenomenon 
is  due  to  the  reflexes  caused  by  the  opthalmoscopic  mirror.  Not  infre- 
quently the  real  cloudiness  of  the  lens  is  preceded  by  a  stage  in  which  the 
lens,  so  to  speak,  is  fractured.  By  the  use  of  focal  illumination,  these 
fissures  and  splits  in  the  lens  reflect  the  light  and  appear  as  true  cloudy 
places,  very  similar  to  etchings  on  glass.  When  the  light  is  thrown  into  the 
eye  in  certain  directions,  the  same  phenomena  are  seen,  whereas  from  a 
somewhat  different  position  of  the  head  they  disappear  entirely.  Such  re- 
flecting surfaces  in  the  lens  must  of  necessity  be  followed  by  a  very  promi- 
nent polyopia.'* 

These  cases  were  classed  as  cases  of  irregular  astygmatism  due  to  this 
fracturing  of  the  lens;  they,  however,  did  not  know  that  such  a  fracturing 
of  the  lens  is  always  the  forerunner  of  the  formation  of  cataract. 

Becker  relates  a  most  briUiant  example,  In  an  individual  employed  as  a 
lamplighter  in  a  princely  palace.  The  plitient  stated  that  in  the  evening  when 
he  would  light  the  side  brackets  and  the  central  chandelier,  he  would  see  thou- 
sands of  lights,  which  confused  and  frightened  him  to  such  an  extent  that  he 
began  to  imagine  that  he  was  bewitched.  After  this  condition  had  increased 
for  a  certain  length  of  time,  it  gradually  decreased  again;  in  the  meantime,  the 
cataract  continued  to  develop,  vision  gradually  being  reduced. 

-  Due  to  a  particular  arrangement  of  the  veils,  this  can  also  lead  to  a 
prismatic  deflection  of  the  rays  of  light  as  they  pass  through  the  lens.  On 
this  account,  occasionally  even  large  objects  appear  distorted,  bent  out  of 
position,  or  slanting.  That  such  a  formation  of  prisms  does  exist  in  the 
lens,  is  attested  by  the  fact,  that  in  a  certain  percentage  of  patients  in 
whom  cataract  is  developing,  the  complaint  is  made  that  the  light  is  sep- 
arating into  its  colors. 

Aside  from  this,  the  cloudy  stri.ations  dissipate  the  light,  in  that  they 
act  like  corneal  opacities.  Totally  non-transparent,  partial  opacities  of  the 
lens  cause  disturbances  of  sight,  depending  on  their  position  and  in  pro- 
portion to  their  size.  Isolated  minute  punctate  spots  neither  hinder  a 
formation  of  a  sharply-outlined  retinal  image,  nor  do  they  absorb  sufficient 
light  to  make  a  diffuse  cloudiness.  A  saturated  cloudiness  may  reach  a 
considerable  degree,  and  if  in  the  axis  of  the  lens  (the  various  forms  of 
axial  cataract)  wilj  have  no  effect  other  than  to  dim  the  retinal  image. 

The  attempt  has  been  made  to  find  the  cause  of  congenital  nystagmus 
in  the  presence  of  this  axial  cataract,  but,  aside  from  the  fact  that  axial 
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cataract  is  not  always  accompanied  by  nystagmus,  we  also  find  that  not 
infrequently  nystagmus  occurs  without  the  presence  of  axial  cataract.  It 
was  demonstrated  by  Ammon  and  Reu5  long  ago  that  it  is  not  necessary 
to  turn  the  eye  sideways  in  order  to  get  a  sharply-defined  image  of  the 
macula.    This  can  be  experimentally  proven  to  be  correct.     * 

Under  certain  conditions,  a  central  cloudiness  may  lead  to  a  spon- 
taneous appearance  of  the  "Purkinje-Arterial"  pictures.  Beute  (1.  cL,  p. 
277)  relates  the  case  of  a  lady,  who  had  posterior  synechia  after  an  iritis; 
also,  cataracta  centralis  (spuria  (?).  If  light  entered  the  eye,  she  experi- 
enced a  sensation,  as  though  a  dark,  purple-colored  pane  of  glass  were 
placed  directly  in  front  of  her  eye,  on  which  there  seemed  to  be  a  large 
number  of  tree-like  figures,  which  she  compared  to  twigs  of  myrtle,  waving 
in  a  soft  breeze.  The  illuminated  capsular  cataract  (?),  acting  as  an 
original  source  of  light,. reflected  the  shadows  of  the  retinal  vessels  on  the 
posterior  layers  of  the  retina.  The  picture  was  produced  by  conditions 
similar  to  those,  where  by  means  of  a  lens,  the  light  of  a  candle  is  thrown 
on  the  outer  surface  of  the  sclerotic. 

Where  the  cloudiness  of  the  lens  remains  stationary,  vision  remains  the 
same  during  life,  or  is  subject  to  only  those  changes,  which  are  due  to  ad- 
vancing age.  Here  one  can  estimate  the  refraction,  width  of  accommoda- 
tion and  the  amount  vision,  by  the  usual  methods. 

The  same  must  be  done  in  cases  of  advancing  cataract,  with  this  dif- 
ference, however,  that  the  examination  must  be  repeated  at  intervals  of 
several  months.  These  repeated  examinations  give  us  an  estimate  as  to 
the  rapidity  with  which  the  cataract  is  developing.  Even  before  all  the 
cortical  substances  has  become  cloudy,  vision  for  smaller  objects  is  de- 
stroyed, (even  for  the  largest  test  type).  (Yaeger,  No.  24;  Snellen,  60). 
One  must  then  let  the  patient  begin  to  count  figures,  and  it  may  be  taken 
as  a  sign  that  the  lens  is  totally  opaque,  when  the  patient,  with  his  back 
toward  the  light,  can  no  longer  count  the  number  of  outstretched  fingers. 

It  will  always  remain  characteristic  of  the  disturbances  of  vision  due 
to  grey  cataract  that  the  perception  of  light  is  never  abolished.  A  cataract 
patient  should  always  be  able  to  recognize  both  qualitative  and  quantitative 
(color)  differences  of  incident  rays  of  light. 

The  lowest  degree  of  illumination  which  can  still  be  recognized  from 
absolute  darkness,  is  but  partially  dependent  on  the  character  and  forma- 
tion of  the  cataract,  but  in  reality  is  largely  dependent  on  the  condition  of 
the  retina  and  the  degree  of  its  sensitiveness  to  light.  Taking  this  factor 
into  consideration,  we  are  enabled  previous  to  an  operation  to  form  an 
estimate  as  to  the  degree  of  vision  we  can  expect  after  the  operation. 
Whereas  the  total  absence  of  sensation  to  light,  indicates  total  amaurosis* 
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one  is  enabled  to  detemiine  by  the  degree  of  quantitative  perception  of 
light,  the  presence  or  absence  of  more  or  less  important  complications.  To 
determine  thi?,  it  is  necessar}'  to  estimate  the  degree  of  light  perception.  In 
'  fonner  times,  one  was  satisfied  to  simply  estimate  the  sensitiveness  of  the 
retina  by  watching  the  reaction  of  the  pupil  when  an  eye  was  exposed  to 
various  strengths  of  light.  Another  method  was,  to  have  the  patient  rap- 
idly open  and  close  his  eyelids  and  thus  watch  the  pupillary  reaction, 
thereby  gaining  an  estimate  as  to  the  sensitiveness  of  the  retina.  This 
method  may  be  advised  today  where  the  pupil  is  not  bound  down.  Even 
in  a  case  where  the  pupil  is  bound  down,  if  the  pupil  of  the  other  eye  is 
free,  the  consensual  reaction  will  decide  the  question,  whether  or  not  there 
is  any  light  perception.  Aside  from  the  fact  that  in  old  people  the  action 
of  the  pupils  is  sluggish,  one  can  not  by  this  method  gain  an  idea  as  to  the 
degree  of  light  perception.  Hence  the  suggestion  of  Von  Graefe,  which 
appeared  in  the  first  volume  of  his  Archives,  (p.  328),  must  be  looked  upon 
as  a  great  step  toward  advancement.  His  method  was  to  examine  the 
patient  in  a  darkened  room,  and  let  him  decide  at  what  distance  he  could 
distinguish  the  light  of  a  small  lamp  or  candle;  also,  when  it  is  alternately 
covered  and  uncovered.  The  distance  at  which  he  can  distinguish  the 
light,  depends  on  the  intensity  of  the  light  used,  on  the  construction  of  the 
cataract,  and  the  sensitiveness  of  the  retina.  In  order  to  obtain  results, 
which  should  be  estimated  on  a  basis  universally  employed,  it  became 
necessary  to  construct  a  source  of  light  which  should  always  and  in  all 
places  have  a  given  strength.  The  same  result  could  be  obtained,  if  the 
distance  remaining  the  same,  the  intensity  of  light  could  be  changed  ac- 
cording to  a  measureable  scale.  This  course  of  reasoning  lead  Yon  Graefe 
to  construct  the  photometer. 

As  source  of  light,  a  wax  candle  of  known  thickness  is  used.  This 
illuminates  a  gi-ound-glass  quadrant  over  which  two  metal  right  angles, 
with  the  angles  opposite  each  other,  glide  toward  each  other,  so  that  a 
quadrangular  figure  of  known  size  is  always  illuminated.  Notwithstanding 
the  ingenuity  of  the  construction  of  this  apparatus,  owing  to  its  cost  and 
because  it  is  an  inconvenient  instrument  to  handle  it  has  not  come  into 
general  use.  For  practical  purposes  it  suffices  to  examine  the  light  sense 
of  all  cataract  patients  with  a  light  which  has  a  known  degree  of  intensity. 
A  lamp  has  the  advantage,  that  one  may  increase  or  diminish  the  intensity 
of  the  source  of  light  by  turning  it  on  full  or  turning  it  down.  By  prac- 
tice, one  finally  gets  in  a  position  to  be  able  to  make  a  useful  estimate.  This, 
however,  can  not  be  expressed  in  figures.  At  the  present  day  the  argand 
burner  light,  as  used  in  making  opthalmoscopic  examinations,  is  used,  and 
gradually  turned  lower  and  lower  until  light  perception  no  longer  exists. 
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The  lowest  degree  of  light  still  discernible  is  registered  as  smallest  lamp- 
light, medium,  or  bright  hght.    As  indicated  above,  the  whole  examination 
is  only  then  of  value  when  vision  has  diminished  to  such  a  degree  that  the 
patient  can  no  longer  count  fingers.     In  certain  forms  of  total  cataract, 
this  in  fact  never  occurs.     The  greater  a  nucleus  in  a  senile  cataract,  the 
thinner  consequently  must  be  the  amount  of  cortical  substance,  and  the 
farther  will  the  light  of  a  candle  flame  be  recognized.     The  character  of 
the  cloudiness  of  the  cortical  substance  likewise  has  its  influence.     If  this 
has  developed  slowly  so  that  the  general  cloudiness  and  radial  striations 
are  very  fine,  they  will  permit  more  light  to  penetrate,  than  the  rapidly 
developing,  cloudy,  mother-of-pearl  or  silky,  glistening  bluish-white,  wide- 
ly-striated cortical  substance.     In  such  forms  of  cataract  the  distance  at 
which  a  light  is  recognized  varies  from  20  to  30  feet.    In  fully-developed 
soft  cataracts,  in  which,  owing  to  youth,  a  real  nucleus  is  not  present,  as  a 
rule  the  light  sense  is  not  so  distinct.    In  this  form,  one  should  not  at  once 
judge  a  complication  on  the  part  of  the  retina  to  be  present,  even  if  the 
light  be  only  recognized  at  16  to  18  feet.    In  the  forms  of  fluid  or  emulsion 
cataracts,  as  well  as  in  the  cataracta  Morgagni  of  the  aged,  as  in  the  cata- 
racta  lactea  of  youth,  it  may  happen,  that  the  light  disappears  at  8  to  10 
feet,  whereas  the  retina  is  found  intact  after  an  operation.     If  in  over- 
ripe cataracts,  after  a  time  the  swollen  cortical  substance  thickens  again 
and  becomes  more  homogenous,  the  distance  at  which  the  candle  can  be 
seen,  may  again  increase.     Under  certain  circumstances  this  becomes  a 
symptom  of  an  over-ripe  cataract.    In  exceptional  cases  it  may  even  reach 
the  point  where  fingers  can  again  be  counted. 

Xaturally,  calcareous  lenses  do  not  permit  the  passage  of  any  light. 
All  light  which  reaches  the  retina  must  pass  to  the  side  of  the  cataract, 
consequently  must  penetrate  through  the  sclerotic.  Even  though  the 
retina  were  still  capable  of  i)erforming  its  function,  its  perception  to  light 
would  necessarily  be  of  a  very  low  degree.  But  raiaracta  gypsea  and 
calcarea  are  almost  exclusively  found  in  amaurotic  eyes.  Von  Graefe  drew 
attention  to  the  fact,  that  occasionally  the  refraction  of  the  eye  exerts  an 
influence  on  the  results  of  these  tests.  High  grades  of  myopia,  when 
equipped  with  concave  glasses,  not  infrequently  give  the  differences  be- 
tween light  and  darkness  at  a  much  greater  distance  than  without  them; 
likewise,  the  hyperopic  with  convex  gla.^ses.  The  more  inexact  the  focus 
of  the  various  rays  of  hght,  the  weaker  will  be  the  illumination  of  any 
particular  part  of  the  retina. 

Eyes  which  are  affected  with  non-complicated  cataracts,  can  decide  the 
color  of  the  light,  even  when  there  is  a  total  cataract.  The  perception  of 
color,  however,  is  influenced  by  the  color  of  the  nucleus.     If  the  nucleus 
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is  yellow  or  brown,  the  perception  of  color  will  he  the  same  as  in  a  healthy 
eye  looking  through  yellow  gr  brown  glass.  The  more  intense  the  color  of 
the  nucleus  the  more  blue  light  will  be  absorbed.  Therefore,  if  a  cataract 
patient  looks  through  a  cobalt-blue  glass,  a  candle  flame  will  appear  as 
violet,  or  even  red.  The  same  will  follow  to  a  lesser  degree  if  the  patients 
look  through  a  blue  glass  at  a  white  cloud.  But  by  using  glasses  of  other 
colors,  the  influence  of  the  yellow  nucleus  bec*omes  manifest.  A  bluish - 
green  glass  appeai-s  yellowish-green  to  him,  a  red  glass  assumes  great  bril- 
liancy. If  one  shows  to  a  cataract  patient  sheets  of  variously  colored  paper, 
(each  of  a  single  color),  every  answer  will  go  to  ])rove,  that  he  sees  it  as 
though  looking  through  a  yellow  glass. 

Therefore,  a  catarnetous  eye,  as  one  is  wont  to  express  it  has  not  only  quan- 
titative light  sense,  but  is  also,  as  we  have  seen,  not  without  perception  for 
quality  of  incident  rays  of  light.  The  commonly  used  expression,  qualitative 
perception  of  liyht;  that  is,  the  recognition  of  objects  by  their  contour,  in  contra- 
distinction to  quantitative  perception  of  light  used  to  designate  the  proper  exer- 
cise of  judgment  depending  on  the  amount  of  light  which  penetrate  the  eye, 
should  be  dropped,  since  it  not  only  gives  rise  to  a  misapprehension,  but  aside 
from  this  is  incorrect. 

If  one  will  iliove  his  hand  from  above  downward  before  a  cataractous 
eye,  which  no  longer  can  recognize  an  object,  if  no  complication  is  present, 
in  nearly  every  case  the  patient  will  be  able  to  perceive  the  direction  of  the 
motion.  This  will  at  once  be  evidenced  by  the  eye  following  the  hand.  If, 
instead  of  the  hand,  a  lighted  candle  is  used,  the  direction  will  always  be 
correctly  given.  The  examination  becomes  more  accurate,  if,  in  moving 
the  light  from  one  position  to  another,  one  covers  it  with  the  hand,  be- 
cause where  the  perception  is  incomplete,  the  gradual  transition  from  one 
place  to  another  leads  to  conclusions,  whereas  the  perception  is  more  inde- 
pendent (for  each  portion  of  the  field)  where  the  light  appears  first  in  one 
direction,  then  in  another.  For  the  same  resison,  the  most  accurate  results 
are  obtained  when  the  light  is  reflected  from  the  various  directions  by  means 
of  the  opthalmoscopic  mirror.  It  then  becomes  impossible  for  the  patient 
to  follow  the  light  from  one  position  to  another. 

From  this  experiment  it  becomes  evident,  that  the  power  of  projection 
of  light  of  the  eye  and  the  retina  is  not  impaired  by  the  cataract.  This  is 
explained  by  the  fact  that  the  cataractous  lens  does  not  become  non-trans- 
parent, but  remains  translucent,  for  notwithstanding  the  fact  that  to  our 
eye  there  appears  to  be  a  complete  cloudiness,  "molecular  paths"  of  lens 
substance  still  remain,  through  which  the  refracted  light  can  regularly 
pass.  Hence  the  cataractous  lens  still  acts  as  a  collecting  lens,  does  not 
light  up  the  interior  of  the  eye  uniformly,  but  concentrates  the  incident 
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rays  of  light,  (depending  on  tlie  position  of  the  source  of  light),  on  a  par- 
ticular part  of  the  retina.  Attention  was  drawn  above  to  the  fact,  that 
this  occurred  ^dth  greater  accuracy  the  more  the  distance  of  the  source  of 
light  coincided  with  the  refractive  conditions  of  the  eye. 

If  now,  on  making  such  an  examination  with  the  candle,  one  finds 
that  the  patient  fails  to  locate  the  position  of  the  light  in  some  particular 
portion  of  the  field,  or  if  he  fails  to  locate  it  properly  in  any  portion  of  the 
field,  one  concludes,  that  the  particular  portion,  or  the  entire  retina  no 
longer  perceive  the  light.  On  can,  therefore,  notwithstanding  the  presence 
of  a  cataract,  diagnosticate  contractions  or  defects  in  the  field  of  vision.  On 
making  a  very  careful  examination,  it  becomes  possible,  and  with  a  con- 
siderable degree  of  accuracy,  to  map  out  the  form  of  the  defect  or  con- 
traction, so  that  it  further  becomes  possible  to  determine  whether  we  are 
dealing  with  a  case  of  glaucoma  or  a  detachment  of  the  retina. 

As  a  rule,  one  is  satisfied  to  determine  whether  the  periphery  of  the 
retina  has  suffered,  since  this  complication  is  the  most  frequent.  However, 
if  one  fails  to  examine  for  the  presence  of  central  defects,  this  may  lead  to 
unpleasant  disappointment,  when,  after  a  successful  operation,  one  finally 
comes  to  test  the  vision. 

In  the  year  1871,  I  (Becker)  operated  the  prioress  of  a  convent.  Her  eye  had 
the  myopic  build,  and  she  said  that  she  had  always  been  myopic.  On  the  left 
eye  I  found  a  diffuse  posterior  cortical  cataract  on  the  right  a  cataracta  accreta. 
The  examination  of  the  light  sense  and  projection  left  nothing  to  be  desired. 
After  a  preliminary  iridectomies  I  made  a  successful  extraction.  Nevertheless, 
the  patient  could  not  read.  Opthalmoscopic  examination  disclosed  a  large  de- 
fect of  the  retina  and  choroid,  which  undoubtedly  was  due  to  a  previous  hemor- 
rhage. A  special  examination  in  regard  to  this  condition  would  undoubtedly 
have  led  to  its  detection  before  the  operation. 

In  order  to  obtain  some  idea  as  to  the  size  of  the  smallest  defect  which 
it  would  be  possible  to  detect,  notwithstanding  the  presence  of  a  cataract, 
Becker  attempted  to  see  if  cataract  patients  could  be  made  aware  of  the 
presence  of  Mariottes*  spot.  This  was  shown  to  be  an  impossibility — ^hence 
a  demonstratable  defect  must  be  larger  than  the  entrance  of  the  optic 
nerve.  The  experiment  can  also  bo  successfully  practiced,  by  testing  the 
distance  at  which  the  flames  of  two  candles  will  become  fused  into  one. 
If  these  examinations  are  always  carried  out  with  the  candles  at  a  certain 
distance  from  the  eye,  one  can  obtain  quite  accurate  results  regarding  the 
extreme  delicacy  of  the  perception  of  the  retina. 

"When,  after  the  above  methods,  there  is  still  a  doubt  remaining  as 
to  the  light  sense,  one  can  determine,  by  the  occasional  appearance  of 
phosphenes  around  the  entrance  of  the  optic  nerve,  (more  definitely,  how- 
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ever,  by  the  presence  of  phosphenes  as  sugges-ted  by  Serres  de  Uzeo),  if 
there  is  any  sensitiveness  of  the  retina  remaining  or  not.  This  matter, 
however,  can  never  gain  any  particular  or  practical  value."  ^ 

AETIOLOGY  OF  CATARACT.  In  the  previous  chapters,  taking 
senile  cataract  as  the  prototype,  we  have  cited  all  those  factors  which  lead 
to  the  formation  of  cataract.  We  have  seen  (pag<j  59)  that  the  initial 
opacities  are  due  to  chemical  changes  in  the  stagnant  fluid  which  occupies 
the  interspaces,  the  fibres  secondarily  becoming  cloudy,  due  to  their  chem- 
ical decomposition  and  mechanical  disintegration.  The  formation  of  these 
interspaces  being  due  (page  76)  to  interference  with  the  regular  sclerosis 
of  the  lens  and  to  mechanical  causes. 

Where  both  lenses  become  cloudy,  one  after  the  other,  we  *  may  con- 
clude that  this  is  the  result  of  constitutional  di<sease.  Generally  speaking, 
one  may  assume  that  the  formation  of  cataract  is  influenced  by  a  consti- 
tutional disease  or  diathesis,  especially  ^nce  we  know  that  these  diseases 
may  lead  to  other  diseases  of  the  eye,  which  in  their  turn  lead  to  cataract,  as 
occurs  in  diabetes,  albuminuria  and  syphilis.  However,  I  do  not  wish  to 
be  misunderstood  as  stating  that  every  disease  of  the  eye  due  to.  constitu- 
tional disease  will  eventually  lead  to  cataract.  In  his  "Pathologic  and 
Therapie,"  page  224,  Becker  states,  that,  strictly  speaking,  there  is  no  such 
thing  as  a  primary  cataract,  the  expression  "primary"  simply  hiding  our 
ignorance.  If  at  this  time  he  tried  to  locate  the  cause  in  the  eye,  at  the 
present  day,  though  we  still  seek  it  in  the  eye,  we  do  so,  in  an  altered  chem- 
ical constitution  of  the  vitreous,  which  influences  the  nutrition  of  the  lens. 

It  is  especially  worthy  of  note  to  observe  whether  the  cataract  occurs 
in  both  eyes  or  not.  Where  the  disease  occurs  only  on  one  eye,  the  as- 
sumption is  a  perfectly  natural  one,  that  this  is  due  to  a  local  cause.  But 
in  those  cases  where  the  cataract  occurs  in  both  eyes  we  must  seek  for 
some  causative  factor  in  the  general  system,  even  for  the  cases  in  which 
the  eye  disease  influences  the  nutrition  of  the  lens.  A  very  pregnant  ex- 
ample is  the  cataract  which  develops  in  retinitis  pigmentosa.  The  occur- 
rence of  this  disease  in  several  members  of  the  same  family,  seems  decid- 
edly to  favor  this  hypothesis. 

Under  these  conditions,  it  does  not  seem  to  be  going  too  far,  to  assume 
a  Uke  cause  for  all  cases  of  cataract  which  occur, in  both  eyes,  or  in  one 
shoriily  after  the  other,  and  in  which  age,  together  with  other  peculiarities 
of  the  entire  organism,  play  a  prominent  part. 

"This  idea,  whether  consciously  or  unconsciously,  has  been  prevalent 
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for  the  past  thirty  years.  Whereas  Sichel,  Verneiiil  ^^  and  Tesnier  ^  con- 
fine their  remarks  to  attributing  their  poor  results  after  extraction  to  con- 
stitutional peculiarities;  others,  following  Mooren,^^  have  attempted  to  find 
the  cause  in  a  previous  or  general  disease  existing  at  the  time  of  its  de- 
velopment. Rominee  ^  records  44  cases  of  cataract  on  both  eyes  in  youth- 
ful individuals,  their  average  age  being  thirty  years,  31  women  and  13 
men);  these  were  preceded  by  typhus  17  times,  variola  3,  chlorosis  and  loss 
of  blood  7;  purulent  discharges,  rickets  and  heart  disease  10.  These  few 
cases  do  not  give  these  causes  any  particular  weight.  In  most  of  these 
cases  the  history  fails  to  state  whether  or  not  the  cataract  had,  or  had 
not  been  preceded  by  another  eye  disease,  which  in  its  turn  might  have 
led  to  the  cataractous  formation.  Rominee  designated  these«  cataracts  as 
*'cat  pointilee";  in  several  cases  as  "demi  molle.^'  In  that  he  makes  the 
following  statement,  "gu'une  maladie  dibilitant  Torganisme  pent  produire 
la  cataracte,"  he  goes  a  step  further  than  Foerster,  who  states,^^  *Tf  a 
cloudiness  of  the  lens  is  just  beginning,  veiT  severe  bodily  ailment  may 
hasten  the  development  of  the  cloudiness.  Dor*^  declares  that  all  cata- 
racts of  youthful  individuals  (occurring  in  both  eyes)  are  due  to  a  diathesis. 
In  eight  cases  he  found  phos])haturia  seven  times.  I  am  aware  that  the 
opinions  on  this  subject  are  very  conflicting,  and  it  is  quoted  here,  simply 
to  show  the  existing  desire  to  prove  that  cataract  formation  is  dependent  on 
constitutional  causes.  Lately,  Deutschman  has  attempted  to  demonstrate 
an  actiological  connection  between  chronic  nephritis  and  senile  cataract/' 

The  constitutional  disease  manifests  itself  in  its  action  on  tht  lens  in 
such  a  manner,  that  it  either  first  causes  disease  of  other  portions  of  the  eye^ 
thereby  leading  to  a  pathological  changed  vitreous,  which,  in^  its  turn  leads 
to  a  disease  of  the  lens  and  cataract  formation,  or  the  lymph  of  the  en  fire 
organism  becomes  changed,  thus  leading  to  cataract  formation  irithout  any 
other  disease  of  the  eye  having  previously  existed. 

"The  term  complicated  cataract,"  in  its  more  restricted  sense,  is  used 


37  Note  sur  TOperation  de  la  Cataracte  cbez  les  Diabetlqlies.  Revue  de  Med. 
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137 
to  designate  all  those  cases  of  cataract  which  develop  in  eyes  which  have 
had  a  previous  local  disease,  such  as  a  detachment  of  the  retina,  absolute 
glaucoma,  intraocular  tumor  or  cysticercus.  Here  also  belong  those  cases 
in  which  the  iris  has  become  attached  to  the  capsule  of  the  lens,  or  where, 
following  an  irido-cyclitis,  a  new-formed  mebrane  becomes  attached  to  the 
posterior  surface  of  the  lens.  In  all  these  cases  abnormal  circulatory  con- 
ditions are  developed.  The  processes  of  secretion  and  assimilation  take 
place  under  changed  conditions.  The  local  cause  is  attested  by  the  fact 
of  the  cataract  remaining  limited  to  the  one  eye. 

Of  all  the  forms  of  cataract,  those  easiest  to  understand  are  those  due 
to  trauma.  This  seldom  occurs  where  there  has  been  a  simple  concussion 
of  the  eye  without  rupture  of  the  capsule  and  consequent  pathological 
entrance  of  the  fluids  of  the  eye.  Perhaps  these  exceptional  cases  can  be 
explained  in  this  way,  that  the  epithelial  lining  becomes  separated  from  the 
capsule  and  fails  to  become  adherent  again.  If  the  suspensory  ligament 
tears,  the  lens  becomes  luxated  and  comes  into  different  relations  to  sur- 
rounding parts.  The  capsule  coming  in  contact  with  solid  parts,  the  nutri- 
tive processes  are  interrupted.  A  perfectly  analogous  result  follows  whervi 
spontaneous  luxation  of  perfectly  transparent  lenses  occurs.  This  last  con- 
dition, however,  is  the  result  of  some  previous  disease. 

If  the  capsule  is  ruptured,  the  dissolving  action  of  the  aqueous  and 
vitreous  is  made  manife««t  at  once  by  the  cloudiness,  the  swelling  and  the 
processes  of  absorption  of  lens  substance. 

CHAPTER  II. 

A  SYSTEMATIC  CONSIDERATION  OF  THE  VARIETIES  OF 

CATARACT. 

THE  MALFORMATIONS  OF  THE  LENS. 

If,  as  formerly,  we  were  to  state  that  all  anomalies  of  the  lens  which 
are  present  at  birth  are  congenital,  and  all  those  which  develop  after  birth 
are  acquired,  we  would  simply  be  ignoring  the  underlying  causes  of  these 
conditions.  A  portion  of  the  abnormalities  can  be  traced  to  anomalies  in  the 
development  of  the  lens  and  the  eye:  another  portion  arises  after  the 
lens  has  been  fully  developed;  that  is,  during  the  foetal  period  of  growth 
in  a  manner  similar  to  analogous  diseased  conditions  which  occur  in  extra- 
literine  life,  in  consequence  of  pathological  conditions  of  the  entire  organ- 
ism, or  especially  in  the  eye.  There  is  simply  this  difference,  that  in  the 
former  we  must  conclude  from  the  residue  and  consequences,  whereas  in 
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the  latter  case  we  are  in  a  position  to  make  direct  observation  and  to  follow 
their  course.  Though  they  are  congenital,  they  do  not  belong  to  the  mal- 
formations. All  malformations  are  congenital,  but  all  congenital  diseases 
of  the  lens  are  not  malformations.  Hence  the  congenital  diseases  will  be 
considered  along  with  the  analogous  diseases  which  occur  in  extra-uterine 
life. 

MAlFOKMATIONS   OF   THE    LENS   SYSTEM   WHICH    ARE    AS- 
SOCIATED WITH  ANOMALIES  OF  THE  HYALOID  AR- 
TERY OR  THE  VASCULAR  CAPSULE  OF 
THE  LENS. 

Owing  to  the  impoi-tant  role  which  the  lens  takes  in  the  formation  of 
the  entire  eyeball,  the  mutual  action  which  lens  and  globe  exert  one  on  the 
other  cannot  be  surprising.  In  a  whole  series  of  anomalies  it  is  ver}-  diffi- 
cult to  decide  whether  the  abnormal  process  in  the  development  of  the 
lens  influenced  the  formaition  of  the  eye,  or  whether  the  interference  with 
the  de\'elopment  of  the  eye  influenced  the  formations  of  the  lens. 

Anatomical  examinations  of  congenital  cataracts  have  for  some  time 
past  caused  attention  to  be  directed  to  the  fact  that  certain  forms  are  com- 
bined with  an  interrupted  retrograde  change  of  the  vascular  capsule  of  the 
lens.  The  colombata  of  the  eye,  in  which  most  ])eculiar  anomalies  in  the 
formation  of  the  lens  have  been  observed,  are  likewise  attributed  to  abnor- 
mal conditions,  those  of  the  arteria  hyaloidae  and  vitreous  placing  an  im- 
portant role.  We  are  indebted  to  Manz  ^  for  a  very  thorough  and  complete 
investigation  of  the  conditions  which  lead  to  these  anomalies.  From  these 
investigations  we  learn  tliat  the  invagination  of  the  epitlielial  plate  into  the 
hollow  space  of  the  secondary  vesicle  may  give  rise  to  interference  with  the 
proper  closure  of  the  Assure  of  the  eye.  With  the  closure  of  this  fissure 
follows  a  complete  severence  of  the  communication  between  vitreous  and 
the  surrounding  "head  plate,"  a  process  which  may  be  but  illy  accom- 
plished, owing  to  the  advanced  stage  of  develo])ment  of  the  pedicle.  Above 
all,  Manz  reminds  us  of  the  blood  vc*ssels  which  gain  entrance  along  this 
foetal  fissure  and  which  are  found  so  abundantly  developed  in  the  foetal 
eye.  This  is  attested  by  the  conditions  found  in  the  few  cases  of  colohoma 
bulbi  so  far  accurately  examined,  and  in  which  the  vascular  system  of  the 
vitreous  still  contained  the  branches  of  the  arteria  hyaloidea  extending 
from  the  walls  of  the  globe  to  the  capsule  of  the  lens. 

Whereas,  as  we  see,  Manz  seeks  the  primary'  cause  in  an  excessive  vas- 

1  "Die  MisBblldungen  des  MeiiKohlichen  Aujfps."    Oraefe  Samisch,  Bd.  II.  2, 
Leipsig.  1876. 
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cular  development  of  vessels  which  enter  from  the  mesoderm,  Hess^  at- 
tributes this  to  an  excessive  development  of  connective  tissue  in  this  vascu- 
lar structure.  Others,  again,  as  Deutschman,^  Holtzke,*  and  Falchi,^  at- 
tempt to  prove  that  these  conditions  are  due  to  intrauterine  inflammation. 
In  his  second  contribution  on  the  subject,  Hess  says,  "The  change  of  the 
foetal  connective  tissue  to  vitreous  does  not  take  place,  so  that  the  vascular 
foetal  covering  of  the  lens,  which  is  intimately  connected  with  the  former, 
aince  the  development  of  this  tissue  is  retarded,  the  latter,  likewise  does  not 
keep  pace  with  the  changes  in  other  parts  of  the  eye,  remains  behind  and 
the  secondary  vesicle  can  not  close  properly;  sclera  and  choroid  are  not 
properly  developed  at  this  point."  Everything  points  to  an  abnormal  de- 
velopment in  the  secondar}'  ocular  vesicle.  It  may  be  difficult  to  determine 
just  what  it  is  that  cau«es  the  secondary  ocular  vesicle  to  fail  to  close,  but 
it  certainly  is  not  of  inflammatory  origin. 

In  a  later  paper  by  H«w,*  and  in  a  recent  publication  by  Ludwig 
Bach,^  the  position  is  taken  and  upheld  by  a  series  of  very  interesting  ana- 
tomical and  histological  examinations,  that  all  the  varieties  of  colobomata 
of  the  eye  are  due  to  an  abnormal  development  of  the  foetal  lens,  which, 
owing  to  its  abnormal  size,  interferes  with  the  proper  invagination  of  the 
mesodermic  tissue,  destined  to  become  changed  into  vitreous,  thus  leadini^ 
to  cai^es  of  so-called  anopthalmus,  orbitalcysts  or  micropthalmos.  The  de- 
layed retrogression  of  the  vascular  capsule  of  the  enlarged  lens  may  act 
aa  a  mechanical  obstacle  to  the  entrance  of  mesodermic  tissue  at  any  point 
along  the  equator,  thus  causing  the  many  typical  cases  of  colomba  of  ciliary 
body,  iris  and  the  lens  itself.  The  cases  of  various  colobomata  along  the 
lines  of  the  ocular  fissure  arc  explained  as  the  result  of  failure  of  the  fissure 
to  close  at  the  proper  time,  either  as  the  result  of  an  abnormal-sized  lens, 
a  failure  of  vitreous  to  differentiate  at  the  pfoper  time,  or  of  blood  vessels 
too  actively  developed,  and  which  fail  to  retrogress.  Though  inflammatory 
causes  are  not  denied,  they  are  not  looked  upon  as  the  usual  cause. 


2Zur  Pathogenese  des  Micropthalmus.'  Arch,  fur  Opth.,  Vol.  XXXIV,  Bd.  3, 
1888,  and  "Weitere  iintersuchungen  iiber  angel)oreiie  MiRsbUdungen  des  Auges. 
Graefe  Arch.,  Vol.  XXXVI,  B.  1,  1890. 

3Zur  Pathologlsche  Anatomie  Iris  und  Aderhaut  Cololwma;  alHo  Grnudlnge 
eines  ErklarungsversuchK  der  sogenante  Hemmuugsblldung  uberhaupt.  Klln- 
Ische  Monatsblatter,  XIX,  p.  101. 

4  "Mlckropthalmus  und  Colobomain  Kanlnohen.'*  Arch,  fur  Augeiihellkunde, 
XII. 

6  "Mlcrofthalmo  Congenlto."   Annal  dl  Ottamologia,  XIII,  1888. 

6  "Pathologisohe  Ana  torn  isehe  Studlen  uber  einige  seltene  angoborene  Miss- 
bildungen  des  Auges,  etc."   Graefe  Arch.,  Vol.  XLII,  part  III,  189r». 

7  "Path.  Auat.  Studien  uber  verschiedene  Missbildungon  des  Auges."  Graefe 
Arch..  Vol.  XLV,  part  I.  1808. 
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THE  CONDITION  OF  THP:  LENS  IN  CASES  OF  ANOPTHALMUS 
AND  MICROPTHALMrS. 

It  would  scarcely  seem  necessar}^  to  state  that,  where  the  eye  is  absent, 
the  lens  must  also  be  absent,  if  it  were  not  for  the  fact,  that  the  word 
'anopthalmvs,^  originated  by  Adam  Schmidt,*  is  used  to  designate  a  mal- 
formation of  the  eye  where  an  abnormally  small  and  poorly  developed  eye 
is  present,  which  does  not  push  the  conjunctival  sac  forward  in  the  usual 
manner,  but  rather  lies  behind  and  below  the  conjunctiva.  It  is  in  just 
such  eyes,  which  belong  to  the  micro pthalmus  and  coloboma  Mali  oculi 
(Arlt)  class,  that  w^e  find  the  lens  or  its  analogue  in  places  where  we  least 
expect  to  find  it. 

In  his  x\natomie  and  Pathologic,  page  12(5,  Becker  states:  **The  fre- 
quently described  cases  of  cysts  behind  the  lower  eyelid  are  always  found  in 
cases  where  there  is  a  rudimentary  eye.  The  gradually  developing  sac-like 
process  springs  from  the  sclerotic,  owing  to  inadequate  closure  of  the 
ocular  fissure  in  ca^s  of  highly  developed  choroidal  or  optic  nerve 
coloboma.  To  how  great  a  degree  the  vitreous  and  the  vessels  of  the  optic 
nerve  are  implicated  in  the  forniaticHi  of  this  anomaly,  can  not  be  decided 
in  the  individual  case.  It  is,  however,  a  fact  that  in  many  cases  of 
microplhalmns  and  so-called  annpthahnns^  the  coloboma  oculi  iotaU  of 
Arlt,  the  lens  or  its  rudiment,  is  still  in  contact  with  the  retina;  or  is 
posteriorly  held  fast  by  the  arteria  corpus  vitrei,  and  anteriorly  in  contact 
with  the  iris  by  means  of  the  vascular  membrane  of  the  pupil.  The  in- 
verted pupillary  edge  of  the  iris  is  always  abnormally  removed  from  its 
proper  position.  It  is  the  rule,  to  find  a  portion  of  the  hyaloid  arter}',  and 
at  least  a  portion  of  the  vascular  capsule  of  the  lens  persisting." 

''Examination  of  an  eye  in  which  the  lens  was  adherent  to  the  optic  nerve 
showed  that  the  lens  was  a  round  body  made  up  of  variously-formed  large 
cells  surrounded  by  vascular  villi.  The  lens  was  in  a* condition  analogous 
to  that  of  the  Second  Period  of  Development.  This  period  corresponds  to 
the  time  when,  under  normal  conditions,  the  vessels  and  the  vitreous  begin 
to  extend  into  the  eye  along  the  fissure  in  the  optic  nerve,  getting  in  be- 
tween retina  and  lens.  Where  the  lens  is  found  in  the  centre  of  the  vitreous 
in  a  case  of  micropthalmus,  it  is  found  to  be  smaller  than  under  normal 
conditions.  However,  it  does  hap])en,  that  notwithstanding  the  persistence 
of  the  connection  between  the  liyaloid  artery  and  the  branches  of  the  ves- 
sels of  the  membrane-})upillaris,  its  development  is  equal  to  that  of  the 
lens,  at  the  end  of  the  foetal  period  of  growth. 

In  the  above-quoted  paper  of  Bach,  he  states: 

"Owing  to  the  prolonged  period  of  time  during  which  the  lens  fills 

SHimly  and  Sclimlflt  Oi)th.  BIbl.,  Ill,  1.  S.  100. 
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out  the  interior  of  the  globe,  the  vitreous  does  not  develop  at  the  proper 
time,  adhesion  between  mesodermic  tissue  along  the  ocular  fissure  and  the 
foetal  vascular  capsule  of  the  lens  are  not  separated,  and  as  the  immediate 
result,  the  retinal  fissure  does  not  close  properly — as  a  natural  result,  the 
other  coverings  of  the  globe  along  its  under  side  are  influenced  and  re- 
tarded in  their  growth.  One  can  well  see  how,  as  the  result  of  the  size, 
altered  and  swollen  structure  of  the  lens,  and  further  as  the  result  of  the 
hindrance  to  the  separation  of  the  vascular  capsule  of  the  lens,  from  the 
surrounding  mesoblast;  this  can  lead  to  an  increase  of  intra-ocular  tension, 
in  consequence  of  which;  the  defective  lower  wall  of  the  eye  in  its  entirety, 
or  only  at  one  point,  gives  and  becomes  excavated."  If  this  condition  is 
long  continued,  it  may  lead  to  a  total  colomba  oculi,  and  an  orbital  or  sub- 
conjunctival cyst.  At  times,  the  action  ceases  after  a  time  and  the  very 
small  micropthalmic  eye  is  connected  by  a  pedicle  with  a  very  fine  lumeii, 
witb  the  cyst  proper. 

In  his  Therapie  and  Pathologic,  Section  52,  Becker  states:  "Up  to 
the  present  time,  a  malformation  of  the  eye  consisting  of  a  total  absence 
of  the  lens  has  not  been  observed,  and  considering  the  part  the  lens  plays 
in  the  formation  of  the  embryonic  eye^  it  surely  will  be  a  difficult  matter 
to  explain."  Dr.  Carl  Hess,  (Beschreibung  des  Auges  von  Talpa  Europaca 
und  von  Proteus  Auginens  Graef  Arch,  Vol.  XXXV.,  B.  3,  1889),  as  the 
result  of  his  studies  of  rudimentary  eyes,  states  that  "the  indenting  of 
the  primary  vesicle  is  not  caused,  a«  is  so  universally  taught,^  by  the  in- 
dipping  of  the  lens,"  and  it  is  especially  interesting  to  note  tliis  fact,  since 
H.  Becker  1®  came  to  the  same  conclusion  by  an  entirely  different  route, 
since  he  had  the  opportunity  of  examining  a  micropthalmus  (with  a -total 
indipping  of  the  ocular  vesicle),  in  which  there  was  a  total  absence  of  a  de- 
velopment of  the  lens."  Kolliker  likewise  believes  that  it  is  possible  for 
the  primary  vesicle  to  be  indented,  without  the  presence  of  the  ectoderm. 
In  a  later  paper,  Pless  once  more  draws  attention  to  tliis  fact.^^ 

He  describes  a  chick  120  hours  old,  whicli  had  been  developed  iu  an  incu- 
bator. The  left  eye  was  perfectly  developed,  whereas  on  the  right  side  perfect 
anopthalmus  existed.  Examination  showed  that  there  was  not  even  an  out- 
irrowth  of  the  primary  optic  stalk  from  the  brain;  excluding?  a  theory  of  develop- 
ment with  subsequent  loss  as  the  result  of  disease.    The  microscopical  examina- 


9  Schwalbe  Lehrbuch  der  Anatomie  des  Auges. 

10  Ein  Fall  von  Micropthalmus  congenita  uniliteralis,  nebst  einigen  Bemer- 
kungen  uber  die  vermutlelche  Aetlologie  und  Eutwickelungs  gesehichte  dessel- 
ben.  Graefe  Arch.,  XXXIV,  B.  .3,  1888. 

UBeitrage  zur  Kenntniss  der  Pathologischen  Anatomie  der  Angeborenen 
Missbildungen  des  Auges,  Graefe  Arch.,  Vol.  XXXVIII.  B.  3,  92. 
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tion  proved  all  of  this;  also,  the  absence  of  a  sign  of  the  lens  on  the  right  side. 
This  is  undoubtedly  a  phenomenon  of  the  greatest  interest,  and  should  be  re- 
membered when  we  try  to  study  the  relations  between  the  development  of  the 
eye  and  lens. 

lu  this  same  paper  he  reports  a  case  of  cyclops,  (in  a  pig),  the  sinffie 
eye  containing  two  perfectly-formed  lenses.  So  far  as  I  have  been  able  to 
discover,  this  is  the  only  case  of  the  kind  reported  in  literature.  Hence  I 
will  quote  it  in  full: 

"The  specimen  was  sent  to  me  (Carl  Iless)  by  Dr.  Ruge,  of  Amsterdam. 
The  single  eye  was  placed  just  above  the  very  prominent  snout.  The  eye  was 
Inmost  globular  in  shape,  and  had  a  diameter  of  22  mm.  The  almond-shaped  lid 
fissure  was  about  27  mm.  wide.  It  was  impossible  to  detect  a  line  along  which 
there  had  talcen  place  a  fusion  of  the  lids.    Puncta  lachrymalls  wanting. 

The  cornea  was  transversely  oval,  and  disclosed  a  slight  depression  in  the 
center,  likewise  above  and  below  the  edges.  These  indrawn  places  were  coo- 
nected  by  a  very  fine  vertical  line,  so  as  to  give  the  impression  that  along  this 
line  tiie  two  cornea  had  Joined.  Both  halves  were  of  equal  size;  their  total  di- 
ameter equal  to  17  mm.  Otherwise,  one  finds  no  signs  suggestive  of  two  eyes 
being  Joined  together.  On  dissecting  the  eye,  find  but  a  single  optic  nerve,  and 
transverse  serial  sections  api^ear  normal.  The  retina  is  detached,  but  shows  no 
evidence  of  separation  into  two  halves.  In  the  anterior  half  of  the  eye  the  con- 
ditions are  somewhat  more  complicated,  owing  to  the  presence  of  Uco  lenses 
One  finds  two  perfectly  developed  lenses,  situated  about  4  mm.  from  each 
other.  laterally,  from  each  is  a  normal  ciliary  body,  and  a  normally  developed 
iris.  Corresponding  to  tlie  vertical  flue  line  on  the  external  surface  of  the 
cornea  there  appears  on  its  posterior  surface  a  T  formed  prominence,  lookia^: 
upward  and  downward.  This  prominence  is  smallest  at  the  center:  tlius  form- 
ing for  each  leus  a  pupil  of  about  normal  size.  These  prominences  consist  partly 
of  vascular  connective  tissue,  partly  of  nonstrlated  vascular  fibres,  like  those 
found  in  the  ciliary  body.  The  prominence  which  extends  backward  is  covered 
with  a  thick  pigment  layer  of  epithelial  cells,  as  seen  on  the  pars  clliaris  retinae. 

The  anatomical  conditions  of  the  brain  were  especially  interesting.  On  re- 
moving the  calvarium,  tlie  cerebellum  and  corpora  quadrlgemlna  were  found  to 
be  normal.  At  the  anterior  end  of  the  brain  tlie  cerebrum  appeared  as  an  un- 
divided mass,  filling  up  the  anterior  fossa  completely,  but  only  about  one  cm. 
in  thickness.  As  a  result,  the  corpora  quadrlgenima  were  completely  uncovered- 
The  upper' surface  showed  a  number  of  shallow  depressions,  but  no  real  sulci 
or  convolutions.  The  mass  lying  anterior  to  the  corpora  quadrlgenima  was  only 
connected  with  the  latter  by  a  very  thin  lamella  of  nervous  tissue.  The  pos- 
terior margin  of  this  single  sphered  cerebrum  was  covered  by  the  pia  mater» 
from  which,  on  both  sides  of  the  median  line,  a  small  choroidal  plexis  had  de- 
veloped. On  making  a  frontal  section  through  the  center  of  this  cerebrum,  a 
very  fine  horizontal  fissure,   which  appeared   to  communicate  with  the  third 
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ventricle  was  discovered.  The  following  conditions  were  found  at  the  base: 
The  middle  and  posterior  portions  of  the  brain  were  apparently  normally  de- 
veloped. The  position  of  the  optic  tracts  and  chiasm  was  occupied  by  a  single 
medianly  placed  nerve,  which  anteriorly  passed  through  the  single  optic  for- 
amen. Posterior  to  the  optic  nerve,  at  the  base  of  the  brain,  a  single  corpus 
mamillarae  was  found;  oculomotorins,  trochlearis  and  abducens  were  all  ar- 
ranged double.  A  very  delicate  furrow  running  along  the  under  surface  of  the 
brain,  was  the  only  indication  of  a  division  of  the  cerebrum  into  two  hemis- 
pheres. The  exact  condition  of  the  olfactory  nerve  could  not  be  definitely  de- 
termined. 

Accordingly,  the  posterior  and  middle  portions  of  the  brain  w^ere  normally 
developed;  whereas,  the  cerebrum  and  all  the  parts  which  develop  from  It,  the 
olfactory  and  optic  nerves  and  retina  were  developed  as  a  single  one,  whereas, 
the  parts  of  tht  eye  developed  from  the  ectoderm  tcere  again  double.  It  is  indeed 
astonishing  that  no  signs  of  fusion  can  be  noted  on  the  eyelids. 

The  attempt  has  been  made  to  explain  the  formation  of  cyclopia. 
Hushke  assumed  that  it  was  due  to  an  abnormal  or  incomplete  division  of 
the  general  ocular  germ.  According  to  this  view,  cyclopie  would  be  a  true 
interference  in  development.  Opposed  to  this  view  is  that  of  Merkel,  Geof- 
frey, Saint  Hillaire  and  others,  who  assume  that  the  e3'clopie  eye  is  the 
result  of  a  fusion. 

Lately,  Dareste  has  conceived  a  view  which  leans  toward  that  of 
Buschke.  According  to  his  view,  the  cyclopie  is  due  to  an  interference  in 
the  development  of  the  anterior  cerebral  vesicle,  which  is  due  to  an  abnor- 
mally early  closure  of  the  vesicle.  Hess  states  that  he  can  hardly  join  the 
one  view  or  the  other,  but  emphasizes  the  fact,  that  this  case  is  more  easily 
explained  as  the  result  of  an  interference  in  development,  rather  than  on 
the  hypothesis  that  this  is  due  to  a  fusion  of  two  originally  separate  organs. 

CATAEACTA  MEMBRANACP^A  CONGENITA  ACCRETA. 

In  1861,  Wilde  ^^  drew  attention  to  the  fact  that  some  of  the  forms  of 
congenital  cataract  are  associated  with  anomalies  in  the  retrogressive 
changes  of  the  hyaloid  artery,  resj>ectively,  the  vascular  capsule  of  the  lens. 
Becker  described  the  examination  of  such  a  cataract  as  follows:  "I  ex- 
amined such  a  cataract  and  found  a  wavy,  folded  capsule  of  normal  thick- 
ness and  transparency;  also  a  well-presented  single  layer  of  epithelial  cells: 
aside  from  these,  very  regularly  aiTangcd  fibre-like  cells  extending  from  be- 
hind forward,  showing  beautiful  nuclei.  In  the  aequatorial  region  in  the 
situation  of  the  lens  whorl  were  found  disiiitogi-ated  masses.     On  the  ex- 

12  Congenital  diseases  and  malformations  of  the  dioptr.   media.    Dublin's 
Quarterly  Journal.  No.  61,  imn. 
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temal  surface  of  the  posterior  capsule  were  found  numerous  patent  blood 
yesBels.  These  conditions  are  exceedingly  interesting,  because  they  indi- 
cate that  the  cause  of  the  disease  could  not  have  exerted  its  influence  long 
after  the  beginning  of  the  third  period  of  foetal  developpient.  This  must 
coincide  with  about  the  second  month  of  foetal  life/^  (See  Manz,  page  82). 
The  persistence  of  the  hyaloid  artery  places  this  malformation,  which  may 
be  designated  as  a  failure  of  the  lens  to  undergo  further  development  after 
having  reached  a  certain  stage  of  development,  in  the  category  of  the  above- 
described  sequelae  of  coloboma  formations.  W.  von  Grollman  ^  describes 
a  case  in  which  the  posterior  ca])sule  was  wanting,  the  hyaloid  artery  had 
grown  into  the  lens,  which  was  filled  with  connective  tissue,  blood  vessels 
and  a  few  lens  fibres. 

The  fact,  tliat  branches  of  the  hyaloid  artery  still  containing  blood 
are  found  on  the  ])osterior  surface  of  a  certain  class  of  congenital  mem- 
bran  o'lis  cataracts,  indicates,  since  the  hyaloid  arter}'  has  no  accompanying 
vein,  that  a  number  of  venous  branches  of  the  vascular  capsule  also  re- 
main. And,  as  a  fact,  in  this  form  of  cataract  one  does  frequently  find  that 
a  connection  between  the  ca})sule  and  the  iris  still  exissts.  Hence  this  form 
is  also  designated  as  cafararfa  membranarea  conjeniia  accreta,  in  that  this 
connection  is  lookwl  ui)on  as  a  posterior  syne<"hia,  the  result  of  a  foetal 
iritis.  Further  anatomical  examinations  of  entire  eyes  containing  cataracta 
membranacea  accreta  are  necessary  in  order  to  show  whether  there  arc 
other  remains  of  a  foetal  iritis.  This  touches  on  the  question  of  the  cause 
of  the  membrana  pypillaris  perseverans  and  the  deposits  on  the  outer  sur- 
face of  the  anterior  capsule  which  thus  leads  to  the  cafaracia  capsularis  an- 
terio?'  spuria.  It  is  possiblethata  disturbance  in  the  retrogressive  change  in  the 
vascular  capsule  is  to  be  sought  in  an  inflammatory  process  in  this  capsule. 
This  would  also  explain  the  genesis  of  the  caiaracta  polar  is  posterior  spuria. 
All  the  eases  so  far  described  are  deposit,*^  on  the  outer  surface  of  the 
l>osterior  capsule  and  usually  are  found  in  the  region  of  the  posterior  pole 
of  the  lens.  They  are  characterized  by  the  white  shining  color  which  this 
form  of  cataract  reflects.  Jt  is  seldom  very  small,  often  the  size  of  a  hemp 
or  poppy  seed,  and  frequently  by  focal  illumination  one  can  see  that  an- 
teriorly it  is  concave  and  smooth  as  a  mirror.  On  using  the  opthalmoscopc 
it  can  be  seen  to  taper  toward  the  vitreous,  (ienerally  its  contour  is  round, 
though  in  the  individual  case  it  may  show  a  few  pointed  striations. 

It  might  possibly  be  mistaken  for  a  posterior  cortical  cataract  such  as 
occurs  in  choroidal  disease  and  disease  of  the  vitreous,  more  particularly 

i3"Uber  Mickropthalmiis  und  Catnracta  Congenita  Vasculosa."  Oraef  Arch., 
Vol.  XXXV,  B.  314,  1889. 
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the  form  occurring  in  retinitis  pigmentosa.  It  is,  l>ovvevcr  not  difficult 
to  differentiate,  .inoe  in  posterior  cortical  cataract  tlxe  glistening  white 
color  and  mirroMike  smoothness  are  wanting,  and  the  latter  form  generally 
goes  over  into  the  general  cortical  cataract  while  under  observation.  The 
presence  of  radiating  striae  favors  the  diagnosis  of  posterior  cortical  cata- 
ract on  the  outer  surface  of  the  posterior  capsule. 

Von  Aramon  "  was  the  first  to  draw  attention  to  the  fact,  that  ab- 
normalities at  the  posterior  capsule  could  be  traced  to  disease  of  the  hya- 
loid. In  the  eve  of  a  rabbit  born  blind,  he  found  the  obliterated  central 
arterv,  together' with  a  central  opacity  of  the  posterior  wall  of  the  capsule. 
He  gives  an  illustration  (I^g.  12,  Plate  15)  of  a  case  of  congenital  thick- 
ening of  the  hvaloid  artery  and  a  resulting  cataracta  centralis,  showing  a 
portion  of  the  artery  attached  posteriorly  to  the  conical  lens,  through  the 
axis  of  which  an  opacity  exists.  Ton  Ammon  diagnosed  opacities  in  the 
posterior  portion  of  the  lenses  of  living  men,  which  he  ascribed  to  early 
obliteration  of  the  central  artery.'"  H.  MuUer  (1.  c,  p.  86)  described  such 
a  posterior  polar  cataracta  in  both  eyes  of  a  goat.  Both  lenses  showed  a 
two-fold  cloudiness.  He  also  observed  a  case  in  which  there  was  a  greyish 
opacity  in  the  centre  of  the  lens,  {cataracta  centralis),  together  with  a  flat- 
tened cone  at  the  posterior  surface,  yellowish  in  its  centre,  yellowish  white 
at  the  periphery  and  protruding  backward  through  the  vitreous  to  the 
papilla;  from  the^  centre  of  this  cone  the  hyaloid  artery  could  be  seen. 
The  eyes,  though  of  normal  shape,  showed  the  evidences  of  a  previous  in- 
flamiiiator>-  infiltration.  The  central  artery  was  surrounded  by  inflam- 
matory products  and  could  be  distinctly  seen  to  pass  between  the  nodule 
and  the  lens  substance.  Therefore,  the  opaque  mass  had  its  seat  at  and  in 
the  remains  of  the  embryonal  capsule  of  blood  vessels,  and  it  can  scarcely 
be  doubted  that  this  peculiar  formation  is  due  to  an  interference  with  the 
embryonal  development  of  the  organ.  Finally,  we  are  indebted  to 
Berthold  '*  for  the  exact  Examination  of  such  a  cataract,  obtained  from  a 
congenital  buphthalmus,  and  the  origin  of  which  he  likewise  traced  to  a 
persistent  arteria  capsularis.  He  found  beautiful  epithelial  cells  along  the 
posterior  capsule,  the  lens  otherwise  being  perfeotly  normal.  He  adds.  "It 
is  remarkable,  that  this  epithelium  which  is  found  along  the  posterior  capsule 
during  foetal  life  should  not  have  entirely  disappeared,"  but,  according  to 
our  understanding  of  the  subject  today,  this  epithelium  must  have  been 


WKlln.  Darstellung,  III,  p.  07. 

15  See  also  Bech,  "De  Cataracta  Centrnli."   Inauft.  Dissert.  Lips,  18.30. 
1«  "Beltrag  znr  Pnthologlsche  Auatomie  des  Aujre."  Graefe  Arch.,  Bd.  XVII, 
p  174,  1871. 
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newly  formed.  This  would  then  be  tlie  first  and  only  case  in  which  such 
a  newly  formed  epithelium  was  found  in  a  transparent,  non-cataractous 
lens.  Berthold's  observations  become  still  more  interesting  since  Becker 
(Anatomic,  p.  70)  observed  a  like  condition  in  both  Jeuses  of  a  dog,  but  he 
is  unable  to  give  a  satisf actor}-  explanatiou.  A  later  observation  and  ex-. 
amination  by  Oeller,"  in  the  case  of  a  boy,  also  one  in  the  eye  of  a  pig, 
here  noted,  are  certainly  worthy  of  being  read. 

Since  attention  has  been  directed  to  this  subject,  the  opthalmoscopic 
examination  has  disclosed  very  fine  foetal  remains  of  the  hyaloid  and  its 
branches,  such  as  cause  no  interference  with  sight  and  which  ordinarily 
would  have  been  overlooked. 

Case  Report,  Miss  R.  8.,  aged  18.  came  to  have  her  eyes  tested  in  Novembtji*. 
1895.  Opthalmoscopic  examination  of  fundus  disclosed  a  somewhat  irregular 
heart  shaped  choroidal  atrophic  area  to  the  upper  and  slightly  to  the  nasal  side 
of  the  papilla.  This  area  is  snow  white,  surrounded  by  a  deeply  pigmented 
margin,  and  about  the  size  of  the  papilla.  During  the  examination  a  peculiar 
striation  seemed  to  veil  the  distinct  view  of  the  fundus,  but  on  gradually  adding 
plus  glasses,  until  the  posterior  surface  of  the  lens  was  accurately  focused  (plus 
10  D),  these  striations  gradually  became  distinctly  visible  as  black  lines.  They 
take  their  origin  from  a  knob-like  protuberance,  which  curves  backward  into 
the  vitreous.  It  passes  on  to  the  lens  and  gradually  spreads  out  fan-shaped, 
taking  in  a  section  of  about  30  degrees.  Directly  below  this,  leaving  an  inter- 
vening space  of  about  2  mm.,  another  similar  figure  begins,  but  soon  disappears. 
These  undoubtedly  are  the  remains  of  the  hyaloid,  which  during  foetal  life  were 
present  on  the  posterior  surface  of  the  lens. 

In  a  monograph  by  Dr.  David  DeBeck/*  all  the  literature  on  this  sub- 
ject was  compiled,  and  in  his  classification  he  speaks  of  (I)  strands  attached 
to  the  lens  alone;  (J)  posterior  capsular  cataracts;  (K)  striae  on  the 
posterior  lens  capsule. 

CHAPTER  III. 

MALFORMATIONS   OF  THE   LENS   IX   CQXSEQirENCE   OF  UN- 
SYM]^rETRICAL  DEVELOPMENT  OF  THE  ZONULA  ZINII. 

COLOBOMA  LENTLS.  (Arlt).  One  of  the  causes  of  this  malforraa- 
tion  of  the  lens,  which  is  due  to  an  unsymmetrical  ligament,  is  sought  in 
the  late  closure  of  the  ocular  fissure,  as  is  at  times  seen  in  cases  of  coloboma 
iridis.  This  is  nearly  always  combined  with  a  slight  malformation  of  the 
orbicularis  ciliaris,  in  that  at  the  point  where  the  ocular  fissure  closed  one 
or  more  ciliary  processes  are  wanting  and  the  eiliar}-  body  is  simply  indi- 
cated.   In  consequence,  the  zonula,  if  present  at  all,  is  less  tense,  though  in 


17  Zur  Aetiologie  der  Cataracta  Polaris  Posterior.    Dissert  Munchen,  1878. 

18  "Persistent  remains  of  the  Foetal  Hyaloid  Artery."   Cincinnati,  1890. 
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all  probability  it  is  wanting  at  this  point.  As  a  result  of  this  reduction  of 
tension,  on  opthalmoseopie  examination  the  line  of  this  defect  is  marked 
by  a  black  line,  the  lens  appears  notched  at  its  edge,  and  there  is  an  indent- 
ing of  the  contour  ai^  a  result  of  increased  reflexion. 

lleyP  developed  the  ingenious  theory,  that  this  malformation  is  due 
to  a  lack  of  nutrition,  due  to  a  defect  in  the  anterior  branches  of  the  hya- 
loid.   This  surely  can  not  have  much  in  its  favor. 

Treacher  Collins  gives  quite  a  difFcrent  explanation  for  the  occur- 
rence of  this  malfonnation,  as  has  already  been  fully  explained  on  pages 
!?9  and  74. 

According  to  the  latest  work  on  this  subject  by  Dr.  E.  Bock,^  con- 
genital malfoi-mations  of  the  lens  belong  to  the  rarest  of  ocular  findings. 
The  author  reports  six  cases  of  his  own  and  forty-six  (ither  cases  occurring 
in  thirty-eight  persons  reported  in  literature. 

At  the  meeting  of  the  American  Opthalmological  Society,  1894,  Dr. 
C.  F.  Clark,  Columbus,  Ohio,  reported  a  case  of  binocular  coloboma  lentis 
in  which  the  accommodative  power  was  retained. 

THE  GFXESIS  OF  COLOBO^fA  LEXTIS.  Bach  seeks  the  cause 
in  a  delayed  closure  of  the  ocular  fissure.  Tlie  process  of  mesodermal  tissue 
which  extends  a^^  a  process  against  the  edge  of  the  lens,  acts  as  a  mechanical 
obstruction  at  the  re»spective  point.  As  a  result  of  this  pressure  along  the 
foetal  fissure,  the  len§  substance  deteriorates,  is  altered  in  its  constitution, 
and  may  simply  assume  a  cloudy  aspect;  or  the  more  actively  affected  por- 
tion may  disintegrate  and  be  absorbed,  and  along  this  line  one  will  observe 
a  vacant  space  or  fissure. 

Bach  acce])ts  this  explanation,  but  goes  still  further,  stating  that  the 
fundamental  cause  is  to  be  sought  in  an  abnormally  developed  lens,  which 
in  early  foetal  life  opposes  the  advancing  mesoblast,  which  in  its  turn 
presses  against  the  gradually  enlarging  lens,  or  vice  versa.  Further,  if  the 
adhesions  between  the  vai^cular  ca])sule  of  the  lens  and  the  mesoblast  do 
not  dissolve  along  the  entire  equatorial  region,  this  must  lead  to  a  transient 
tension  at  the  respective  point  where  this  attachment  persist^?,  which  in  its 
turn  leads  to  a  disintegration,  eventually  to  a  destruction  of  lens  substance. 
The  capsule  may  even  be  pushed  aside  from  the  region  of  such  a  lenticular 
defect,  or  the  defect  may  be  covered  by  this  membrane.  Since  the  forma- 
tion of  the  capsule  of  the  lens  is  now  proven  to  be  the  product  of  the  cap- 
sular cells,  and  since  nucleated  lens  fibres  must  still  be  present  in  the  neigh- 


1  Coloboma  Lentis.  Report  of  Fifth  Intornatlonal  Optli.  Congress,  1877.  p.  16. 
Annal  (rOtunst.  1877,  p.  2tK;. 

2  Die  AnpelKH-eneii  Colobonio  des  Aujrupfels  Wlen,  1893. 
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borliood  of  the  same,  hence  one  may  readily  understand  how  the  capsule 
may  subsequently  form  again.  Bach  concludes,  "I  assume  purely  mechan- 
ical causes  for  the  production  of  coloboma  of  the  lens,  and  am  of  the  belief 
that  primarily  we  are  not  dealing  with  a  defect.  Coloboma  of  the  lens  is 
not  the  result  of  a  formative  error  in  the  lens  proper,  but  due  to  an  altered, 
deteriorated  lenticular  mass,  which  subsecjuently  gradually  disappears." 

F.CTOPIA  LEXTIS.  Closely  allied  to  the  two  above-described  ab- 
normalities is  the  well-known  anomalie  in  the  formation  of  tht  eye.  known 
as  ectopia  lentis.  It  can  not  be  looked  upon  as  an  anomalie  of  the  lens, 
unless  there  is  present  at  the  same  time  a  change  in  the  fonn  of  the  lens, 
which  is  seldom  the  caae.  The  only  known  difference  seems  to  be  that  the 
lens  is  smaller  or  thicker  than  normal.  Nothing,  however,  goes  to  prove 
that  the  architecture  or  the  arrangement  of  the  fibres  deviates  from  the 
normal.  It  must  therefore  be  assumed,  notwithstanding  the  unequal  length 
of  the  zonula  fibres,  that  the  pressure  exerted  on  the  lens  is  everywhere 
equal.  And  the  fact,  that  the  lenses  which  have  been  ectopionated,  do  not 
especially  often  become  cataractous,  seems  to  indicate,  that  the  nutrition 
of  the  lens  during  life  ib  normal.  Xothing  special  is  known  concerning 
the  cause  of  the  unequal  length  of  the  zonular  fibres.  Here,  once  more, 
attention  is  drawn  to  Treacher  Collins'  ex])lanation,  page  74.  Since  the 
displacement  in  both  eyes  is  almost  invariably  symmetrically  upward; 
either  directly  upward,  or  upward  and  to  one  side,  it  does  not  seem  difficult 
to  assume,  that  here  likewise,  closure  of  the  ocular  fissure  plays  an  im- 
portant role. 

Attention  is  first  directed  to  this  condition  from  the  fact,  that  the 
patient  sees  very  poorly,  and  that  vision  can  not  be  improved  with  glasses. 
Vision  can  only  be  improved  by  the  use  of  strong  concave  glasses.  A  prac- 
ticed eye  at  once  pen^eives  that  the  anterior  chamber  is  of  unequal  depth,  in 
that  one  portion  of  the  iris  is  situated  more  anteriorly  than  the  other.  The 
more  deeply  seated  ])ortion  trembles  on  moving  the  eye.  On  opthalmoscopic 
examination,  one  will  see  at  once,  or  possibly  only  after  dilating  the  pupil, the 
edge  of  the  lens  passing  through  the  })upil,  as  the  segment  of  a  black  ring 
along  the  line  where  the  iris  lies  deepest.  If  the  attempt  is  now  made  to 
get  a  view  of  the  fundus,  this  can  be  accomplished  in  a  two-fold  manner. 
If  one  looks  through  the  lens,  using  the  correction  for  a  myopic  eye,  one 
obtains  a  view  of  the  papilla,  and  on  looking  to  the  side  of  the  lens,  using 
the  aphakic  correction,  one  gets  another  view  of  the  papilla.  If  we  now 
make  tests  for  vision,  the  presence  of  this  condition  can  be  proven  for  dis- 
tance, by  concave  glasses,  where  the  patient  looks  through  the  crystalline 
lens;  the  same  result,  however,  may  be  obtained  by  using  cataract  glasses, 
the  patient  looking  to  the  side  of  the  lens.     If  by  the  one  method  or  the 
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other  the  anomalie  of  refraction  is  neutralized,  the  second  possibility  will 
interfere  but  little.  However,  without  a  correction  a  true  monocular 
diplopia  will  occur.  This  condition  can  not  always  be  made  apparent  to 
the  patient  at  once.  It  depends  upon  the  distance  at  which  the  light  is 
removed  from  the  patient,  whether  both  images  will  become  apparent  or 
whether  one  will  be  suppressed.  If  one  had  previously  determined  botli 
conditions  of  refraction,  one  can  easilv  find  the  distance  at  which  both 
images  must  become  apparent.  At  this  point,  as  a  rule,  the  patient  will 
see  both  images  at  once.  The  image  which  is  formed  without  the  aid  of 
the  crystalline  lens  is  projected  correctly,  whereas  the  crystalline  lens  acts 
as  a  prism.  Hence  the  image  which  passes  through  the  cr}'Stalline  lens 
is  projected  falsely  and  in  exactly  the  opposite  direction  to  that  in  which 
the  lens  is  luxated.  This  knowledge  can  be  used  in  assisting  the  patient 
to  find  tlie  second  image. 

On  moving  the  eye  or  changing  the  position  of  the  head,  the  lens  may 
also  change  its  position.  The  degree  of  mobility  varies  greatly.  In  extreme 
cases  the  lens  not  only  changes  its  position  in  the  vitreous,  but  it  may  also 
enter  the  anterior  chamber.  This  latter  condition  Heyman  has  described 
under  the  title  of  "spontaneous  mobility  of  the  lens."  (Spontane  freie 
beweglichkeit).  Such  a  condition  must  necessarily  be  preceded  by  an  ex- 
traordinary lengthening  of  the  zonula  fibres.  Such  a  condition  has  been 
anatomically  described  by  D.  E.  Miiller,  and  thus  placed  beyond  the  reach 
of  hypothesis.  Horner  had  already  drawn  attention  to  the  fact,  that  the 
unequal  development  of  the  zonula,  as  well  as  a  tendency  to  dissolution 
of  the  same,  may  be  inherited.  This  seems  to  be  attested  by  its  occurrence 
in  both  eyes.  Eduard  Meyer  has  reported  an  undoubted  case  of  congenital 
ectopia,  in  which,  in  course  of  years,  the  displacement  increased  on  the  one 
eye;  whereas,  in  the  other  eye,  the  lens,  without  having  lost  its  mobility, 
when  the  head  was  held  erect,  returned  to  its  normal  position. 

(Becker.)'  I  am  acquainted  with  a  famUy,  in  which  a  brother  and  sister  show 
in  both  eyes  a  symmetrical  ectopia  lentls.  Ten  years  ago  both  could  overcome 
the  interference  with  vision  by  cylindrical  glasses.  At  present  this  is  no  longer 
possible.  The  children  of  the  sister,  a  boy  and  a  girl,  both  are  astygmatic,  and 
were  corrected  four  years  ago  by  cylinders.  At  that  time,  I  measured  the  cornea 
with  the  opthalmometer,  and  could  not  discover  any  asymetry.  On  dilating  the 
pupils  of  l3oth  children  one  could  see  downward  and  inward  a  darli  spot  at  the 
edge  of  the  lens,  which  I  pronounced  a  congenital  partial  cataract.  Now  the 
cylindrical  glasses  are  no  longer  of  use,  and  the  trouble  is  continually  becoming 
more  pronounced,  as  a  luxation  of  the  lens.  Undoubtedly  the  zonula  first  began 
to  give  downward  and  inward,  and  is  gradually  becoming  elongated. 

Yon  (iraefe  ^  was  the  first  to  accurately  describe  a  case  of  congenital 
3  Arch,  fur  Opth.,  I,  S.  343. 
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luxation  of  the  lens.  The  peculiarities  of  vision  in  these  eases  are  here 
found  accurately  described;  he,'  however,  failed  to  state  whether  this  is  a 
congenital  condition  or  not.  He  seemed  to  believe  that  the  cause  is  a 
fluidity  of  the  vitreous,  and  a  defect  in  the  natural  partition  wall, though, on 
using  the  opthalmoscope,  he  could  not  discover  the  slightest  trace  of  a 
flaky  or  membranous  cloudiness  in  the  vitreous,  and  the  fundus  appeared 
perfectly  normal.  In  the  same  year  (1854)  E.  Yaeger  described  a  case, 
which  bore  a  close  resemblance  to  the  one  mentioned  above,  and  he  de- 
scribed it  as  a  case  of  congenital  displacement  of  the  lens  J»}\«^tem.  Stell- 
wag*  was  the  firsit  to  describe  an  abnormally  small  lens  as  a  congenital 
anomaly,  and  to  use  the  word  "ectopic"  in  the  sense  we  use  it  today.  From 
now  on,  the  reports  of  cases  of  luxation  of  the  lens  began  to  increase:  also 
explanations  as  to  its  cause.  Dixon,  the  P^nglishman,  as  the  result  of  a  re- 
port of  a  large  number  of  cases,  added  much  to  the  methods  of  diagnosing 
congenital  luxation  of  the  lens.  Hippel  ^  Anally  took  the  last  step,  when 
he  said  that  ^^ spontaneous  luxation'^  and  ^^ ectopia  lentis"  are  two  entirely 
different  conditions,  in  that  the  former  is  due  to  diseased  conditions  in  the 
eye,  whereas  the  latter  is  a  malformation. 

CHAPTER  IV. 

ACQUIRED  AXO^ilALIES  IX  THE  POSITIOX  OF  THE  LEXS,  XOT 
DUE  TO  MALFORMATIOXS. 

LUXATIO  LEXTIS— LUXATIOX  OF  THE  LEXS. 

Anatomically  considered,  the  acquired  anomalies  of  position  of  the 
lens,  can  not  in  any  sense  be  considered  as  malformations.  Xevertheless, 
owing  to  the  great  similarity  of  the  symptoms,  both  subjective  and  ob- 
jective, they  will  be  considered  at  this  point. 

The  tenii  ""luxatio  lentis''  embraces  not  only  the  cases  of  spontaneous 
displacement  of  the  lens,  originally  in  their  normal  position,  but  those 
cases  which  occur  in  consequence  of  violence  which  causes  the  lens  to  par- 
tially or  totally  leave  the  fossa  patellaris.  Blodigo  suggested  that  we  use 
the  term  "dislocatio"  instead  of  "luxatio  lentis,"  and  this  name  might  with 
great  propriety  be  used  in  cases  of  secondary  luxation. 

SPOXTAXEOUS  LUXATIOX  OF  THE  LEXS.  LUXATIO  LEX- 
TIS SPOXTAXE.    DEPLACEMEXT  SPOXTAXE.    AVe  are  indebted  to 


4  Wiener  Med.  Wochenblatt  1856. 

5  "Die  spoDtane  luxation  der  linae  und  ihre  angeborene  ectopic."    Marburg. 
1859. 
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Sichel  ^  for  the  first  accurate  descriptions  of  spontaneous  displacement  of 
the  lens.  This  can  only  occur  when  the  zonula  zinii  has  been  partially  or 
totally  destroyed.  If  such  a  defect  in  the  zonula  takes  place  to  the  side  of, 
or  below  the  lens,  a  change  in  the  position  of  the  lens  does  not  necessarily 
follow  at  once.  True,  owing  to  the  specific  weight  of  the  lens,  on  moving 
the  eyes,  even  after  they  have  again  come  to  rest,  the  lens  will  continue  to 
make  movements.  In  consequence  of  these  oscilating  movements,  the  lens 
may  become  turned  on  its  axis,  so  that  its  one  edge  may  come  nearer  to  the 
cornea  than  the  other;  but  a  real  displacement  to  the  one  side  or  down- 
ward will  not  occur  as  long  as  the  portion  of  the  zonula  zinii  above,  remains 
intact.  As  soon  as  this  becomes  affected  the  weight  of  the  lens  will  begin 
to  exert  its  influence,  and  as  a  result,  the  lens  will  begin  to  sink  downward. 
No  matter  where  the  zonula  has  been  aifected,  owing  to  the  oscillation  of 
the  lens,  in  course  of  time  the  zonula  will  give  above,  and  the  lens  will 
become  displaced  downward.  It  will  then  depend  upon  the  conditions 
of  the  latteral  portions  of  the  zonula  whether  this  sinking  will  take  place 
exactly  downward,  or  downward  and  inward,  or  downward  and  outward. 
This  is  a  very  important  fact,  since  a  lens  can  never  be  spontaneously  lux- 
ated exactly  upward. 

The  cause  of  this  spontaneous  displacement  lies  either  in  the  condition 
of  the  vitreous  and  the  zonula,  or  in  the  lens  system  itself. 

The  disease  which  is  considered  to  be  most  frequently  followed  by  a 
spontaneous  luxation  is  a  general  fluidity  of  the  vitreous.  {Synchysis 
corporis  vitrei.  Aside  from  the  fact  that  the  clinical  picture  of  this  disease 
is  by  no  means  a  definite  one,  it  is  impossible  for  the  lens  to  sink  down 
without  the  zonula  zinii  suflFering  in  its  continuity.  Although  up  to  the 
present  dme  it  has  never  been  quite  clear  in  what  manner  a  fluidity  of  the 
vitreous  could  affect  the  zonula,  especially  since  there  is  no  reduction  in 
volume  of  the  vitreous  when  it  is  in  a  fluid  state,  we  are  entitled  to  make  the 
assum])tion;  since,  as  we  have  seen,  the  zonula  is  of  mesodermic  origin,  as 
is  also  the  vitreous;  hence  the  same  causes  which  lead  to  fluidity  of  the 
vitreous,  may  at  the  same  time  dissolve  the  zonula  fibres.  Hence,  in  cases 
of  spontaneous  luxation,  we  are  not  dealing  with  a  tearing,  but  with  a 
dissolution  of  the  zonula.  However,  when  we  say  this,  we  are  only  saying 
that  the  same  cause,  of  which  we  are  as  yet  ignorant,  causes  a  Hke  change 
in  both  vitreous  and  zonula. 

A  spontaneous  luxation  may  as  well  take  place  when  the  lens  is  per- 
fectly transparent,  as  when  it  is  cataractous.  Further  along,  a  different 
factor  will  be  shown  to  he  at  work  in  influencing  the  spontaneous  luxation 


lOppenheim's  Zeitschrift,  XXX,  3  Heft. 
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of  a  cataractous  lens,  which  factor  has  nothing  to  do  with  the  above-men- 
tioned manner  of  occurrence,  since  in  these  latter  cases  there  is  no  fluiditj 
of  the  vitreous. 

The  symptoms  of  spontaneous  luxation  necessarily  vary,  depending 
on  the  fact,  whether  the  lens  is  transparent  or  not. 

In  cases  of  transparent  lenses,  the  symptoms  are  very  much  like  those 
of  ectopia  lentis;  they  differ,  however,  from  these,  in  that  the  symptoms 
develop  in  a  proportionately  shorter  time.  True,  as  a  rule,  this  sinking 
down  takes  place  slowly,  though  always  more*  rapidly  than  in  the  cases 
described  under  congenital  ectopia  lent  is. 

In  order  to  make  a  differential  diagnosis,  it  is  of  great  importance  to  be 
able  to  determine,  if  for  a  certain  period  of  life,  vision  has  been  normal.  In 
just  such  cases,  where  fonnerly  vision  was  perfectly  normal,  the  patient  will 
become  aware  of  the  change,  vision  is  not  so  sharp^  and  ill  trying  to  see 
accurately,  objects  seem  to  oscillate.  The  lens  begins  to  move  about  behind 
the  iris,  and  in  consequence  the  iris  begins  to  tremble.  Examination  of 
the  refraction  discloses  the  fact  that  the  far  point  has  come  nearer  to  the 
eye.  If  the  lens  has  sunk  down  so  far  that  a  part  of  the  pupil  is  free,  a 
double  refractive  condition  will  result,  together  with  true  monocular 
diplopia,  as  in  ectopia  lentis.  A  further  striking  symptom  is  now  added, 
since  vision  changes  with  each  change  in  the  position  of  the  head,  for  on 
bending  the  head  forward  the  lens  comes  up  close  to  the  iris,  whereas  on 
bending  the  head  backward,  the  lens  falls  back  into  the  vitreous.  In  the 
first  case  the  already  unequally  deep  chamber  becomes  shallower,  whereas 
in  the  latter  it  becomes  much  deeper.  Where  there  is  a  great  mobility, 
symptoms  of  irritation  on  the  part  of  tlie  iris  and  choroid  may  develop. 
This  is  preceded  by  a  variety  of  ectopic  phenomena.  The  patient  .becomes 
aware  of  the  presence  of  the  lens  as  a  grey  disc,  or  as  a  similarly  colored 
segment  of  a  circle,  and  at  the  same  time  he  begins  to  see  flashes  of  light 
and  fianie  like  figures;  likewise,  irritability  to  light,  tearing,  and  pain  may 
be  added. 

If  the  zonula  zinii  has  been  entirely  dissolved,  the  slightest  jar  mav 
cause  the  lens  to  fall  into  the  anterior  chamber. 

In  course  of  time,  lenticular  and  capsular  cataracts  always  follow  in 
cases  where  there  has  taken  place  a  luxation  of  the  lens  system. 

The  s})ontaneous  luxation  of  the  cataractous  lens  is  produced  in  an  en- 
tirely different  manner.  This  is  not  true  of  all  cataracts  which  spon- 
taneously leave  the  pupillary  area,  for  it  is  possible  for  the  vitreous  to  be- 
come fluid  in  cases  of  cataract;  without  taking  into  consideration  those 
cases,  in  which  the  displacement  is  of  such  a  slight  degree  that  it  has  been 
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overlooked,  but  nevertheless,  in  consequence  of  which  the  lens  has  become 
cataractous. 

It  has  long  been  known,  as  an  established  fact,  that  after  a  fully-de- 
veloped senile  cataract  has  existed  for  a  long  time,  the  cataract  may  spon- 
taneously leave  the  pupillary  area.  Before  this  can  occur,  it  is  necessary 
that  a  loosening  take  place,  between  the  zonula  zinii  and  the  lens  on  the 
one  hand,  and  between  the  posterior  and  the  concave  vitreous  depression 
on  the  other.  Wenzel,  Beer,  and  others  have  reported  that  not  infre- 
quently, on  making  a  flap  incision,  the  lens,  together  with  its  capsule, 
would  pop  out  of  the  eye  with  considerable  force.  This  can  only  bo  ex- 
plained, by  assuming  that  the  tension  on  the  zonula  zinii,  and  perhaps 
also  the  sudden  change  in  the  position  and  form  which  takes  place  in  the 
lens,  the  moment  the  aqueous  is  evacuated;  and  also  due  to  the  pressure 
the  vitreous  exerts  anteriorly,  is  sufficient  to  tear  the  lens  from  its  con- 
nections. It  must  have  been  these  observations  which  led  to  the  develop- 
ment of  those  methods  which  had  as  their  object  the  removal  of  the  lens 
together  with  its  capsule. 

The  anatomical  cause  of  such  a  loosening  of  the  lens  from  its  attach- 
ments is  not  to  be  sought  in  a  fluid  vitreous.  Not  only  are  we  in  possession 
of  reports  of  cases  in  which  the  removal  of  the  lens  in  its  capsule  was  not 
followed  by  an  evacuation  of  vitreous,  operators  know  only  too  well,  that 
a  fluid  vitreous  has  a  tendency  to  get  in  front  of  the  lens  and  cause  the 
lens  to  fall  backward  into  the  vitreous.  However,  one  must  not  lose  sight 
of  those  senile  changes  in  the  zonula  fibres  already  described,  which  makes 
them  stiff er  and  more  brittle,  so  that  they  are  lesvS  able  to  resist  a  sudden 
force  acting  on  them.  However,  the  greatest  stress  must  be  laid  on  the 
condition  of  the  anterior  capsule.  If  our  conception  regarding  the  forma- 
tion of  capsular  xjataract  is  correct,  the  formative  stage  is  followed  by  the 
stage  of  shrinkage,  just  as  we  see  it  in  cicatrical  tissue.  Since  we  know  that 
the  capsular  cataract  does  reach  its  Hmit,  in  that  it  does  not  grow  in  the 
periphery,  as  it  does  in  thickness  ad  libitum,  it  must  necessarily  finally  be- 
come reduced  in  volume  after  it  has  reached  its  maximum  growth.  Further, 
since  it  is  formed  on  the  concave  side  of  the  anterior  capsule  on  shrinking, 
it  has  the  tendency  of  becoming  tense  like  the  string  on  a  bow,  and  hence 
exerts  a  certain  amount  of  tension  on  the  capsule.  As  a  result  of  this 
tension,  capsular  cataracts  of  long  standing  appear  folded.  H.  MuUer,  J. 
c,  pp.  281  and  284).  This  has  been  looked  upon  as  one  of  the  causes  of 
pyramidal  cataract.  Such  shrinkage  likewise  becomes  a  very  importanc 
factor  in  the  production  of  the  various  forms  which  secondary  cataracts 
assume.  The  greater  the  amount  of  lens  substance  absorbed,  the  greater 
will  be  the  effect  on  the  shape  of  the  entire  lens,  in  cases  in  which  the  cap- 
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sule  has  not  been  injured.  The  development  of  cataracta  tremula,  natalis 
and  elastica  will  now  be  more  easily  understood,  since  these  are  principally 
capsular  cataracts. 

The  spontaneous  luxation  of  senile  cataract  is  undoubtedly  favored  by 
changes  in  the  zonula  fibres,  and  could  with  difficulty  occur  without  the 
intervention  of  some  form  of  accidental  traumatic  cause,  such  as  vomiting, 
convulsions  or  concussion  of  the  entire  body  and  the  eye;  this  is,  however, 
always  preceded  by  the  formation  of  a  capsular  cataract.  The  tension 
which  is  exerted  on  the  anterior  capsule  during  the  process  of  shrinkage 
must  all  the  more  assist  in  severing  this  connection  between  the.  anterior 
capsule  and  the  fibres  of  the  zonula  zinii,  because  this  shrinking  capsular 
cataract  extends  just  to  the  peripheric  endings  where  the  zonula  fibres  are 
inserted  into  the  anterior  capsule. 

This  view  is  strengthened  by  the  fact,  that  in  cases  of  spontmleous  lux- 
ation of  senile  cataract,  a«  a  rule,  one  finds  extensive  capsular  cataract; 
further,  that  not  only  in  spontaneously  luxated  lenses,  but  also  in  cases 
where  at  the  extraction,  the  lens  in  its  capsule  escapes  by  itself,  one  can 
never  discover  any  remains  of  zonular  fibres  on  the  capsule.  This  also 
shows  that  the  connection  is  severed  at  the  capsule  and  not  along  the  length 
of  the  zonular  fibres. 

a.  LUXATIO  LENTIS   TRAUMATICA— TRAUMATIC  LUXATION. 

Traumas,  which  may  cause  the  lens  to  leave  its  normal  position,  are 
either  contusions  of  the  eyeball  in  which  the  coats  of  the  eyeball  may  or 
may  not  be  opened,  or  the  zonula  is  ruptured  by  the  direct  action  of  a 
foreign  body  which  has  penetrated  the  eyeball.  In  the  latter  case  tho 
foreign  body  may  either  remain  within  or  again  leave  the  eyeball.  If  a 
foreign  body  penetrates  the  eyeball  in  such  a  manner  as  to  sever  the  zonula 
zinii  in  only  a  circumscrilx?d  area,  it  goes  without  saying  that  besides  the 
zonula,  cornea,  iris,  and  also  the  vitreous  are  always  involved.  If  the  in- 
jury is  caused  by  a  pointed  instrument,  (such  as  a  needle,  the  shoemaker's 
awl,  a  steel  pen,  or  a  pointed  knife-blade),  this  will  again  leave  the  eye 
and  the  injury  may  heal  in  a  few  days  without  any  special  reaction.  Fre- 
quently the  case  comes  under  observation  only  after  the  wound  has  healed. 
The  statements  of  the  patient  then  lead  us  to  make  a  very  careful  examina- 
tion. Here  we  find  a  cicatrix  in  the  cornea,  a  hole  in  the  iris,  through 
which,  when  properly  examined,  light  can  be  reflected  from  the  fundus. 
If  the  hole  in  the  iris  is  larger  and  extends  per])endicularly  to  the  radiating 
striations  of  the  iris,  the  pupil  at  this  point  will  not  be  so  wide,  and  conse- 
quently not  perfectly  circular.  Possibly  one  can  detect  a  number  of  flakes 
in  the  vitreou<s.     Aside  from  distur])anfes  of  vision  due  to  opacities  in  the 
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vitreous,  inaccuracy  of  vision  may  develop  as  the  result  of  astygmatisra. 
At  the  point  where  the  Zonula  has  been  t^evered,  it  will  exert  less  pressure 
on  the  lens.  At  this  point  the  lens  becomes  thicker,  and  in  this  meridian, 
the  eye  will  become  myopic.  Attempts  at  cylindrical  correction  are  as  a 
rule  attended  with  but  slight  success,  since  the  entire  meridian  does  not 
alter  its  refraction,  the  opposition  end  of  the  respective  meridian  remain- 
ing fastened  in  its  normal  condition.  The  result  of  such  an  injury,  there- 
fore, is  a  permanent  reduction  of  vision.  As  to  whether  or  not  an  iris  pro- 
lapse follows  the  injury  depends  entirely  on  the  size  of  the  corneal  wound. 
If  this  occurs,  under  certain  conditions  this  must  be  exercised.  It  may 
necessitate  an  iridectomie. 

If,  aside  from  the  above-mentioned  tissues,  the  lens  and  corpus  ciliars 
are  injured,  the  process  of  healing  becomes  proportionately  more  compli- 
cated, and  the  sequelae  for  sight — in  fact,  for  the  whole  eye;  indeed,  the 
second  eye,  since  this  may  be  sympathetically  affected — may  be  of  the 
very  worst  kind.  Hence  injuries  of  these  parts  are  of  the  very  greatest 
importance,  and  mention  is  made  of  this  here  so  that  it  need  not  be  referred 
to  again. 

Though  it  clearly  is  not  within  the  province  of  this  work  to  enter  into 
the  subject  of  SYMPATHETIC  OPTHALMIA,  still  it  seems  but 
proper  to  state  that  most  authorities  today  acknowledge  that  this 
disease  is  clearly  an  infection.  Where  a  foreign  body,  as  indicated 
above, ,  penetrates  the  eyeball  and  is  retained,  be  this  a  minute 
spicule  of  iron,  steel,  lead,  copper,  glass  or  stone,  it  may  re- 
main free  in  the  vitreous  or  stick  fast  in  the  posterior  wall  of  the 
eye;  and,  if  asceptic,  it  may  become  encapsulated  and  remain  latent  for 
years.  However,  it  may  be  her  stated  that  even  these  capsules  lead  to 
tension  on  the  vitreous  and  eventually  to  loss  of  the  eye,  notwithstanding 
the  isolated  cases  reported  in  literature  in  which  this  result  did  not  follow. 
Leber,2  as  the  result  of  eleven  years  of  experimental  investigation  with 
every  conceivable  substance,  studying  its  action  on  the  interior  of  the  eye, 
states,  that  all  the  metals,  even  gold  and  silver,  glass,  etc.,  are  gradually 
acted  on  by  the  fluid  media  of  the  eye,  minute  quantities  gradually  dis- 
solved off,  and  thus  act  as  an  irritant  causing  a  purulent  inflammation 
which  may  be  asceptic  in  its  nature.  The  recognition  of  asceptic  pus  chem- 
ically produced,  he  regards  as  of  the  greatest  therapeutic  value.  But  where 
micro-organisms  are  carried  into  the  eye  with  the  foreign  body  the  condi- 
tions are  different  and  the  occurrence  of  sympathetic  opthalmia  becomes  a 


2  Die  Enstehiing  der  Entzuntliin^  iind  die  wlrkunj?  der  Entzimdiings  ere- 
gende  Schadlichkeiten.    Leipslg,  1891. 
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possibility,  if  not  a  probability.  Becker  considered  this  subject  of  such 
great  importance  that  he  devoted  an  entire  chapter  to  its  discussion.'  He 
critically  anah'zed  some  twenty-two  cases,  and  finally  concluded  that  the 
tension  of  cicatrical  bands  on  the  cilian'  body  led  to  chronic  irritation  and 
83nnpathetic  opthalmia.  Many  of  these  earlier  experiences,  read  in  the 
light  of  our  present  understanding  of  the  subject,  are  cleariy  an  infection. 
"On  New  Year  eve,  1870,  a  piece  of  a  percussion  cap  flew  into  the  eye  of  a 
twelve-year-old  boy  in  the  neighboring  count j'  of  K.  I  (Becker)  found,  down- 
ward and  inward  from  the  edge  of  the  cornea,  two  millimeters  distant  from  its 
transparent  edge,  a  wound  about  three  millimeters  long,  into  which  the  iris 
had  prolapsed.  After  excising  the  prolapse,  a  cololioma  was  found  extending 
to  the  periphery.  After  the  wound  was  healed,  on  looking  through  this  colo- 
boma,  one  could  see  a  distinct  indentation  of  the  edge  of  the  lens,  Colobomft 
Lentis  Artifieiale,  and  this  also  caused  astygmatism.  This  piece  of  percassion 
cap  became  encapsulated  without  injury  to  the  eye,  and  after  a  lapse  of  five 
years  the  eye  still  i^erforms  its  function." 

If,  aside  from  cornea,  iris,  zonula  and  vitreous,  the  lens  and  ciliary  body 
are  involved,  the  prognosis  and  the  duration  of  the  trouble  will  materiallv 
depend  on  the  extent  of  the  injurj^  to  the  parts.  It  then  would  certainly 
be  advisable  to  cut  short  a  long  and  painful  stage  of  liealing  and  forestall 
a  possible  sympathetic  affection  of  the  other  eye  by  an  immediate  enuclea- 
tion. 

A  contusion  of  the  eyeball  is  frequently  followed,  without  the  coats  of 
the  eyeball  being  ruptured  at  any  point,  by  a  stretching  and  final  separa- 
tion of  the  fibres  of  the  zonula  zinii,  and  a^  a  consequence,  exerting  a  tem- 
porary or  permanent  influence,  on  the  form  and  position  of  the  lens. 

It  is  questionable,  and  has  not  as  ye4  been  proven,  whether  or  not 
the  individual  fibres  of  the  zonula  ])ossess  the  property  of  elongation  or 
distension.  It  is  stated  that  where  the  anterior  chamber  is  evacuated,  the 
anterior  capsule  of  tjie  lens  comes  in  contact  with  the  cornea,  and  that  this 
could  not  possibly  occur  without  the  elongation  of  the  zonula  fibres.  It  is 
only  certain  that  the  zonula  fibres  do  not  tear,  otherwise  the  lens  could 
not  retain  its  normal  position  with  a  complete  retention  of  its  normal 
functions.  Instead  of  an  elongaticm  of  the  zonula  fibres,  such  a  consider- 
able moving  forward  of  the  lens  (about  23  mm.)  could  be  caused  by  an  an- 
terior movement  of  the  ciliarA'  body,  together  with  the  iris,  and  the  in- 
creased convexity  of  the  anterior  surface  of  the  lens. 

"It  would  not  have  been  necessary  to  mention  this  elongation  of  the  zonular 
fibres,  if  it  were  not  for  a  case  reported  by  Aub.4  which  he  tried  to  explain  by 


3  Pflthologie  and  Therapie  des  Li nsensy stems,  p.  408. 

4  Arch.  f.  A.  und  O..  II,  I,  p.  259. 
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using  this  liypothesi^:  A  man,  35  years  of  age,  wliile  out  hunting  was  struck 
on  the  eyeball  by  a  shot  from  a  shotgun.  A  single  shot  was  removed  from  the 
outer  portion  of  the  conjunctiva  the  next  day.  On  the  fourth  day  after  the  oper- 
ation a  pronounced  clrcum-corneal  Injection  was  present.  The  cornea  was  clear, 
the  anterior  chamber  about  one-half  iilled  with  bloody  serum,  pupil  narrow,  and 
ids  changed  in  color.  At  the  upper  and  outer  half,  the  iris,  equal  to  about  one- 
sixth  of  its  circumference,  w^as  prominent.  After  the  use  of  atropine,  the  lens 
was  disclosed  uninjured,  but  pushed  forward  in  its  upper  and  outer  portion. 
On  the  seventh  day  the  inflammatory  condition  seemed  to  subside.  The  pupil 
was  dilated  ad  maximum,  but  above  and  outward  the  lens  still  continued  to 
press  the  iris  forward.  A  stick  held  diagonally  before  the  eye  appeared  thicker 
at  its  upper  and  outer  end  than  at  Its  lower  and  inner.  Turned  90  degrees  the 
stick  appeared  everywhere  of  equal  thickness.  By  the  use  of  a  concave  cylinder 
1-20,  placed  in  the  corresponding  axis,  vision  was  improved  to  20-100.  On  the 
thirteenth  day  the  prominence  of  the  iris  and  the  metamorphosie  had  disap- 
peared. Owing  to  a  slight  degree  of  myopia,  V.  equal  to  20-30,  and  the  cylinder 
no  longer  improved  vision.  Aub  declares  that  this  condition  of  the  lens  was 
caused  by  a  partial  relaxation  of  the  zonula;  but  he  fails  to  state  in  what  man- 
ner he  imagines  this  to  have  occurred.  Arlt  5  translates  'relaxation'  by  the 
word  distension  (or  elasticity),  and  without  the  slightest  hesitancy  accepts  this 
as  a  condition.  But  returning  to  Aub's  case  I  wish  to  draw  attention  to  the 
fact  that  he  has  not  proven  that  the  zonula  is  elastic,  and  further,  that  a  partial 
paralysis  of  the  ciliary  muscle,  at  the  point  where  the  sliot  struck  the  eye.  would 
explain  all  the  phenomena  which  he  reports." 

TBAUMATIC  LUXATION  is  always  the  result  of  a  tearing  of  the 
zonula  zinii  without  an  injury  of  the  lens  capsule.  Since  it  can  not  be  as- 
sumed that  tears  in  the  zonula  can  heal,  we  are  justified  in  making  a  diag- 
nosis of  a  partial  tear  of  the  zonula,  in  all  cases  in  which,  in  consequence 
of  a  contusion,  the  phenomena  of  a  dislocation  of  the  lens  system  appear 
and  do  not  retrogress.  In  tjie  beginning,  these  phenomena  are  the  devel- 
opment of  a  myopia  and  the  gradual  shortening  of  the  distance  of  the  far 
point  of  the  eye.  If  the  tension  which  the  zonula  exerts  on  the  crystalline 
lens  is  abolished,  owing  to  an  extensive  or  j)ossible  total  tear,  the  equa- 
torial diameter  will  be  diminished  and  the  axial  diameter  will  be  increased. 
Owing  to  this  change  in  the  form  of  the  lens,  the  far  point  will  approach 
closer  to  the  eye.  But  where  there  is  a  total,  or  even  a  very  extensive  tear- 
ing of  the  zonula,  accommodation  becomes  impossible,  and  there  will  be 
but  one  point,  which  will  neither  coincide  with  the  former  far  or  near 
point,  at  which  it  will  be  possible  to  see  distinctly.  The  former  symptom 
will,  however,  only  then  become  valuable  for  differential  diagnosis,  where 

5  Uber  die  Verletzungen  des  Au^es  in  Oerichtsarztlicher  Zoziehung.   Wiener 
\led.-Woc4ie»schrlft.  1«74,  No.  15,  S.  296. 
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we  know,  what  the  refraction  of  the  eye  was  previous  to  the  accident.  In 
many  cases,  however,  by  comparing  the  eye  with  the  uninjured  one,  we 
can,  with  a  considerable  degree  of  certainty,  form  an  estimate.  (It  must, 
however,  not  be  forgotten  that  not  infrequently  the  refractive  conditions 
of  the  two  eyes  are  not  alike;  hence  it  can  never  give  more  than  an  ap- 
proximate result.) 

If  the  lens  is  not  held  equally  tense  in  all  directions  by  the  zonula 
fibres  and  held  fast  in  its  connection  with  the  ciliary  processes,  on  moving 
the  eye,  the  lens  will  begin  to  make  independent  movemen'ts,  in  which 
the  iris  will  participate.  (Trembling  of  the  iris — iridodonesis).  However, 
this  symptom  alone  does  not  decide  anything  as  long  as  the  lens  is  trans- 
parent. For  the  iris  may  independently  make  such  movements  if  the 
pupillary  margin  is  free  and  an  abnormal  amount  of  aqueous  is  behind  it. 
In  exceptional  cases,  this  can  be  observed;  as,  per  example,  where  there  is 
a  large  cornea  and  a  relatively  small  lens,  in  cases  of  myopia  with  relatively 
deep  anterior  chamber,  in  cases  of  buphthalmus,  and  in  cases  of  synckisis 
corporis  vitrei,  where  the  lens  lies  deeper  than  the  normal. 

b.  SUBLUXATION  OF  THE  LENS. 

In  cases  in  which  there  is  a  partial  tearing  of  the  zonula,  the  lens  may 
retain  its  position  unchanged  in  the  concave  hollow  of  the  vitreous  for  an 
indefinite  length  of  time.  In  most  cases,  however,  after  a  time  the  lens  in 
a  two-fold  manner  changes  its  position,  in  that  it  not  only  turns  on  its 
equatorial  diameter,  but  also  moves  toward  the  side  where  the  zonula  is 
still  intact.  Due  to  this  oblique  position  or  turning  of  the  lens,  the  iris  is 
pressed  forward  at  one  point,  and  consequently  the  anterior  chamber  at 
that  point  is  shallower.  The  opposite  edge  of  the  lens  approaches  the  axis, 
and  on  using  the  opthalmoscope  it  may  be  seen  when  the  pupil  is  small, 
and  must  appear  when  the  pupil  is  dilated  as  a  black  segment  of  a  circle. 
However  small  this  segment  of  a  circle  may  be,  by  means  of  this,  we  can 
definitely  determine  the  position  of  the  lens  and  the  kind  of  transposition 
we  have  before  us.  The  edge  may  even  become  visible  to  the  patient,  as  a 
black  ring.  If  the  edge  of  the  lens  passes  through  a  pupil  of  normal  size, 
naturally,  everything  will  be  seen  double. 

The  importance  of  a  subluxation  rests  on  the  fact,  that  under  all 
circumstances  there  will  be  permanent  interferenee  with  vision.  Aside 
from  this,  experience  has  taught  us,  that  in  nearly  all  cases,  if  the  patient 
lives  long  enough,  a  total  luxation  will  finally  result.  Further,  in  course 
of  time  the  lens  will  always  become  cataractous.  This  frequently  happens 
before  the  zonula  is  completely  torn.     The  latter  must  naturally  follow. 
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since  the  constant  oscillating  of  the  lens,  on  moving  the  head  and  tlie 
eyes,  necessarily  must  lead  to  an  abnormal  tension  on  the  remaining  zonula 
fibres.  The  same  cause  may  finally  lead  to  cyclitis,  choroiditis  and  symp- 
toms of  glaucoma. 

As  has  already  been  stated,  a  restitution  of  the  zonula  fibres  as  the 
result  of  healing  is  not  to  be  expected.  Hence  one  can  not  speak  of  n 
therapie  for  subluxation.  In  some  special  cas(»s  the  attempt  may  be  made 
to  give  aid,  by  the  use  of  glasses,  either  by  looking  through  the  dislocated 
lens,  or  to  the  side  of  it.  If  the  lens  has  become  cataractous,  the  attempt  may 
be  made  to  give  assistance  by  an  iridectomie  or  by  an  extraction. 

The  mechanism  by  means  of  which  a  tearing  of  the  zonula  is  brought 
about,  is  as  little  understood,  as  is  the  mechanism  of  all  other  internal  in- 
juries of  the  eye,  which  result  from  a  contusio  hulbi.  It  appears  most  prob- 
able', that  the  globe,  owing  to  its  peculiar  situation  in  the  orbit,  can  only 
be  struck  in  its  anterior  position,  by  a  blunt  force,  and  most  frequently 
is  flattened  in  a  direction  from  in  front,  below  and  outward,  backward, 
upward  and  inward.  Such  a  flattening,  owing  to  the  incompressibility  of 
the  media  of  the  eye  and  the  relatively  slight  elasticity  of  its  coats,  can  not 
occur  unless  the  globe  is  distended  in  the  eqautorial  region.  If  the  cornea 
is  the  part  compressed  the  distension  will  take  place  at  the  sclero-corneal 
ring.  By  this  means  we  can  most  easily  explain,  why  it  is  that  choroidal 
ruptures  occur  most  frequently  in  the  equatorial  region  and  very  nearly 
concentric  and  opposite  the  place  to  which  the  force  was  applied.  This 
also  explains  the  relatively  frequent  occurrence  of  iridodialysis  and  tears 
of  the  zonula.  Relative  to  the  latter,  we  must  also  consider  that  in  every 
case  of  concussion  of  the  eyeball,  the  lens,  owing  to  its  greater  speciflc 
weight,  tries  to  make  more  extensive  movements  and  hence  pulls  on  the 
zonula,  which  tears  when  a  certain  degree  of  tension  is  brought  to  bear 
on  it.* 

The  lens  may  retain  its  position  in  the  fossa  patellaris  in  cases  in 
which  there  is  a  partial,  as  well  as  when  there  is  a  total  tearing  of  the 
zonula.  In  most  cases  instantly,  in  other  eases  after  a  certain  length  of  time, 
the  lens  changes  its  position,  remaining  in  contact  with  the  patellar  fossa 
or  leaving  it  altogether.  The  first  condition  occurs  most  frequently  and 
will  continue  longer  where  the  zonula  is  but  partially  torn.  This  may  be 
designated  as  a  suh-luxafion,  (Arlt),  in  contradistinction  to  a  luxation,  in 
which  the  crystalline  body  has  entirely  left  the  hollow  grove  of  the  vitre- 
ous, and  is  found  either  in  the  anterior  chamber  or  wedged  in  the  pupii 


6  Vergl.  Arlt.   Wiener  Med.  Wochenschrift.  1874,  No.  12,  p.  231. 
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or  in  the  vitreous,  or,  finally,  that  it  has  been  dragged  entirely  out  of  the 

eyeball. 

The  force  which  causes  a  coniusio  hulii,  as  a  rule  istrikes  the  eye  in  a 
direct  manner.  The  body  coming  in  contact  with  the  eye  may  be  rela- 
tively large  as  compared  with  the  size  of  the  eye,  and  have  considerable 
thickness,  or  have  a  blunted  end  on  a  rounded  prominence:  and  this,  aside 
from  causing  a  general  flattening  of  the  globe,  may  cause  a  locally  deeper 
impression  without  penetrating  the  coats  of  the  eyeball.  But  it  is  not 
necessar}-  that  the  force  strike  the  eye  in  a  direct  manner.  Thrusts,  blows, 
gunshot  wounds  which  strike  the  neighboring  bones,  may  likewise  cause  a 
concussion  of  the  eyeball.  Finally,  it  may  be  mentioned  that  projectiles 
flying  past,  close  to  the  eye,  may  cause  a  commotio  bulbi.  During  the  war 
of  '70-71,  I  (Becker)  saw  two  cases  of  injur}'  of  the  eye  which  were  caused 
in  this  manner.  True,  both  cases  were  ruptures  of  the  choroid,  not  te^j^ 
of  the  zonula,  but  since  the  former  did  occur,  it  can  not  be  doubted  that  the 
latter  is  a  possibility. 

r.   TOTAL  LUXATIOX  OF  THE  LENS. 

Everything  which  has  been  said  regarding  the  manner  in  which  sub- 
luxation may  be  caused,  is  also  true  in  this  instance.  A  trauma  of  greater 
intensity,  instead  of  causing  a  subluxation,  causes  a  luxation.  As  a  rule, 
a  total  luxation  is  preceded  by  the  entire  tearing  of  the  zonula  zinii;  how- 
ever, one  can  understand,  that  a  few  fibres  may  remain  intact,  though  the 
lens  be  entirely  removed  frpm  the  fossa  patellaris. 

On  which  factor,  the  direction  of  the  luxation  of  the  lens  depends,  is 
not  known:  the  symptoms  j>aturally  vary  and  depend  entirely  on  the  posi- 
tion of  the  lens.  When  the  luxated  lens  is  found  in  the  anterior  chatnber^  as 
the  direct  result  of  a  trauma,  we  see  a  round  body,  with  an  almost  golden 
colored  ring  which  lies  concentric  to  the  base  of  the  cornea,  and  it  has  a 
veiy  deceptive  similarity  to  a  drop  of  oil.  This  body  does  not  entirely  fill 
the  anterior  chamber,  but  the  iris  is  not  visible,  since  it  has  been  inverted. 
Aside  from  this  phenomenon  of  total  reflection  of  the  edge  of  the  lens,  one 
can  see,  on  focal  illumination,  in  the  transparent  body,  radiating  striations 
and  splits,  w^hich  can  be  traced  to  the  lens.  If  such  an  eye  is  examined 
shortly  after  the  injury,  one  sees  the  results  of  the  action  of  the  direct 
trauma,  in  the  neighborhood  of  the  eye,  whereas  the  eye  itself  is  free  from 
any  irritation.  Later,  however,  (in  most  cases,  after  a  few  days),  ciliary 
injection  and  even  swelling  of  the  conjunctiva  bulbi  sets  in,  and  the  globe 
becomes  glaucomatose  and  exceedingly  painful.  Then  the  cornea  becomes 
cloudy  at  the  point  where  the  lens  is  in  contact  with  it,  and  finally,  as  the 
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subjective  symptom  and  infiltration  go  on  increasing,  perforation  takes 
place.  The  final  result  is,  escape  of  the  lens  and  purulent  phthisis  of  the 
globe. 

The  lens  does  not  always  completely  enter  the  anterior  chamber, 
owing  to  the  spastic  contraction  of  the  sphincter  iridis,  for  just  as  the  lens 
is  passing  through  the  pupil, -it  may  become  fixed.  Here  the  picture  is 
highly  characteristic  and  can  not  be  mistaken.  Nearly  always  do  we  see  a 
more  or  less  transparent,  round  and  flattened  body  extending  obliquely 
into  the  anterior  chamber,  and  at  its  edge  can  be  seen  the  well-known  shin- 
ing, reflected  ring.  In  most  cases,  such  a  condition  is  transitory.  If  the 
spasm  continues,  pain  will  be  added  to  the  interference  with  vision.  The 
patient  seeks  relief,  which  can  be  given  him  by  the  energetic  use  of 
atropine.  If  this  is  not  done,  glaucoma  will  follow,  and  finally,  as  the 
result  of  ulceration,  the  eye  will  become  phthisical.  It  appears,  that  ex- 
ceptionally this  condition  may  be  tolerated  for  a  consid-erable  length  of 
time.  Bader  ^  describes  an  eye,  which  is  in  the  museum  at  Moor- 
field's  Hospital,  London,  showing  a  lens  in  its  capsule,  fixed  in  the  pupil, 
and  which  had  tak^n  on  permanently  a  biscuit  form.  He  fails,  however, 
to  state  whether  the  lens  attained  this  position  as  the  direct  result  of  a 
trauma,  or  whether  this  was  simply  the  result  of  a  change  of  position  of  a 
freely  movable  lens,  which  had  become  wedged  in  the  pupillary  area. 

The  lens  i6  most  frequently  luxated  into  the  vitreous.  Since  it  has  a 
heavier  specific  weight,  hence  after  a  time,  if  not  at  once,  we  may  seek  it 
in  the  lower  portion  of  the  vitreous  space.  It  will  now  depend  largely  on 
the  condition — that  is,  the  consistence — of  the  vitreous,  and  most  probably 
also,  whether  or  not  a  portion  of  the  zonula  fibres  have  remained  uninjured, 
if  the  lens,  on  moving  the  eyes,  will  remain  quiet,  relatively  speaking,  or  if 
it  make  very  wide  excursions.  We  must  also  remember,  that,  owing 
to  these  active  movements  of  the  lens,  the  vitreous  must  gradually  become 
diseased;  that  is,  fluid.  The  lens,  enclosed  in  its  capsule,  may  remain 
transparent  for  a  long  time;  it  will,  ho\vever,  iinally  become  cataractous. 
Though  the  capsule  prevents  the  lens  from  being  absorbed,  it  will  neverthe- 
less, gradually  become  smaller.  It  is  not  known  whether  the  intracapsular 
cells  will  undergo  a  hyperplasia  where  a  normal  lens  sinks  into  the  vitre- 
ous, as  the  result  of  a  trauma.  Luxated  lenses  examined  show-ed  incipient 
capsular  cataracts.  However,  it  could  not  be  determined  whether  this  was 
the  result  of,  or  had  existed  previous  to,  the  luxation.  This  is  mentioned 
simply  to  draw  the  attention  of  my  colleagues  to  this  question,  owing  to 
its  great  importance. 

7  The  natural  and  morbid  changes  of  the  human  eye,  etc.    London,  1868, 
p.  266. 
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d,  FKEELY  MOVEABLE  LENSES. 
Under  this  name,  a  condition  has  been  described  and  illustrated  by 
innumerable  case  reports,  which  may  result  just  as  well  from  congenital 
ectopia  lentis,  as  in  consequence  of  spontaneous  or  traumatic  luxation.  This 
name  was  introduced  by  Heyman.  The  cases  belonging  to  this  categor}' 
date  back  a  very  long  time.  The  common  symptom  of  all  these  cases  is, 
that  the  lens,  no  matter  what  the  position  of  the  head  or  eye,  always  takes 
a  position  relative  to  its  weight.  This  does  not  only  refer  to  a  change  of 
position  in  the  vitreous,  but  the  lens  may  also  become  wedged  in  the  pupil- 
lary area,  or  even  get  into  the  anterior  chamber. 

In  cases  of  congenital  ectopia  we  must  assume  that  the  zonula  fibres 
have  an  abnormal  length.  As  a  result,  the  lens  may  slip  into  the  anterior 
chamber  or  fall  back  again  into  the  vitreous.  **Sucli  a  case,  I  (Becker) 
saw  at  Arlt's  clinic,  where  a  boy,  eight  years  of  age,  could  easily  accom- 
plish this  change.  Since,  wlien  this  small  lens  was  in -the  anterior  chamber, 
fine  indentations  were  observed  all  around  the  periphery  of  the  lens,  which 
undoubtedly  were  due  to  the  tightened,  tense  zonula  fibres;  hence  this  case 
served  to  remove  any  doubts  in  my  mind,  that  there  are  cases  of  freely 
movable  lenses  in  which  the  zonula  is  not  torn." 

The  symptoms  which  such  a  freely  movable  lens  cause,  are  in  part 
purely  optical  in  their  nature;  in  part  pathological,  since  they  cause  pain, 
and  other  subjective  symptoms  which  give  rise  to  the  necessity  for  opera- 
tive interference  if  we  desire  to  prevent  total  destruction  of  the  eye. 

Arlt  reported  a  case.8  Illustrating  the  first  mentioned  symptom.  A  carpenter, 
48  years  of  age,  who  had  always  been  In  perfect  liealth,  and  who  during  his 
school  days  had  had  good  vision,  gradually  later  on  became  nearsighted.  In  his 
45th  year  he  suddenly'  developed  monocular  diplopia  in  both  eyes.  At  the  end 
of  one  year  the  double  sight  disappeared  again.  If  he  lay  on  his  back  he 
Imagined  that  he  saw  in  front  of  each  eye  a  round  disc,  almost  like  a  drop  of 
oil,  having  a  dark  edge.  For  a  time,  for  distance  he  used  convex  glasses;  he,  how- 
ever, had  to  discontinue  their  use.  Generally,  however,  he  could  read  ordinary 
printed  reading  matter  without  spectacles;  only,  however,  when  he  held  it  close 
to  his  breast.  In  directing  the  eyes  downward  he  caused  the  lenses  to  apply 
themselves  closely  behind  the  iris,  in  the  pupillary  area,  and  thus  he  w^as  en- 
abled to  read. 

The  following  case  is  reported  by  Noyes.9  A  man  45  years  of  age  was  struck 
in  the  left  eye  by  the  fist  of  another.  Three  wrecks  later  the  diagnosis  of  lux- 
ation downward  into  the  vitreous  was  made.  Ills  refraction  was  that  of 
aphakia.  A  week  later  the  patient  reported  that  he  saw  good  again.  The  crystal- 

8  Die  Krankheiten  des  Auges,  III,  p.  5,  1850. 

9  Auch.  fur  Augen  und  Ohren.  Ileilkunde,  I.  1.  p.  134. 
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line  lens,  as  could  easily  lie  aetennlned  by  the  condition  of  the  iris,  which  was 
pressed  Iwiclcward,  and  by  the  liglit  edge  of  the  lens,  liad  slipped  into  the  an- 
terior chanil>er.  It  was  still  in  its  capsule,  and  had  a  faint  amber  color,  but  al> 
solutely  transparent,  corresponding  to  the.  age  of  the  ]>atlent.  The  change  of 
position  was  Inouglit  about  by  the  patient  sneezing  violently  after  taking  a 
pinch  of  snuff  on  leaving  tlie  clinic,  where  his  pupil  liad  been  widely  dilated 
by  atropine.  IniuitHliately  thereafter  lie  noticed  that  vision  was  Improved.  Ex- 
amination of  his  refraction  disclosed  Hm.  equal  to  1-18;  V.  equal  to  20-40  on  his 
right  eye:  his  left  injured  eye  M.  e<iual  to  1-9,  As.  m.  .24,  V.  20-50.  The  myopia 
is  explained  by  tlie  advance  of  the  nodal  point,  also  as  a  result  of  the  increase 
<*onvexity  of  the  lens,  whicii  liad  been  loosened  from  the  zonula  attachment. 
Xoyes  states  that  the  astygmatism  is  due  to  the  fact  that  since  the  lens  does 
not  i'ompletely  fill  out  the  anterior  chamlier.  It  sinlcs  down:  hence,  its  axis  and 
that  of  the  cornea  do  not  coincide,  but  that  of  the  lens  lies  somewhat  deeper. 
There  are,  however,  most  certainly  other  factors  at  work  which  cause  the  lens 
to  suffer  in  its  symmetrical  form. 

The  presence  of  the  k'ns  in  the  anterior  chaniher  may  he  horn  for  a 
long  time  witliout  destroying  the  eye;  in  fact,  for  years.  It  is  hardly  pos- 
sihle  for  the  condition  to  exist  without  disturbing  the  functions  of  the 
eye.  The  pathological  changes  which  follow  aifect  the  cornea,  which  be- 
conieci  cloudy  when  the  lens  conies  in  contact  with  it;  the  iris  becomes 
hyperaemic  and  loses  its  color,  and  cyclitis  is  develo-ped.  Without  the  de- 
velopment of  an  exudate — that  is.  the  development^ of  true  iritis,  a  severe 
ciliary  injection  develops,  and  to  this  chemosis  may  be  added.  At  the  same 
time,  the  glolx^  becomes  tcnsx'  and  hard,  and  the  other  symjitcnns  of  sec- 
ondary glaucoma  develop.  In  some  cases,  in  a  proportionately  short  space 
of  time,  the  globe  changes  its  form,  the  area  of  the  sclerosis  close  to  the 
cornea  t)ecomes  bluish  in  color,  and  a  staphyloma  intercalare  develops. 
The  globe  becomes  pear-shaped  and  the  axis  of  the  globe  may  become  enor- 
mously elongated.  The  inflammatory  symptoms  increase  and  finally  either 
lead  to  ulceration  of  the  cornea,  with  loss  of  the  lens,  so  that  phlhisis  hulhi 
results,  or  the  inflammatory  symptoms  gradually  subside,  leaving  an 
amaurotic  ectatic  globe,  which  gives  rise  to  no  further  trouble.  In  such  a 
case  one  will  And  the  lens  considerably  diminished  in  size,  adherent  to  the 
cornea. 

It  appears,  that  in  cases  in  which  the  zcmula  is  intact,  the  permanent 
presence  of  the  lens  in  the  anterior  chand>er  (free  mobility  of  the  lens, 
owing  to  congenital  lengthening  of  the  zonula)  will  much  sooner  lead  to 
intense  symi)toms  of  reaction,  than  in  cases  in  which  the  lens  is  perfectly 
free  from  its  suspensory  ligaments.  It  is  most  probable,  that  the  great 
danger  of  a  partial  luxation,  is  due  to  the  constant  tension  which  the  re- 
maining portion  of  the  zonula  exerts  on  the  ciliary  body  (Von  Graefe). 
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Hence  the  lens,  which  is  luxated  into  the  anterior  chamber,  may  involve 
the  cornea  and  iris,  owing  to  direct  contact,  and  the  ciliary  body  as  the 
result  of  tension  of  the  zonular  fibres. 

As  long  ago  as  1856  Arlt  lo  described  such  cases  of  persistent  luxation  of  the 
lens  into  the  anterior  chamber.  The  occurrence  of  growing  together  of  lens 
and  cornea  was  noted  by  von  Graefe  (Arch,  fur  Opthal.,  XV,  3,  158),  and  he 
states  that  such  cases  are  the  result  of  dislocation  of  the  lens  in  the  early  years 
of  life.  Such  lenses  can  be  successfully  extracted.  As  regards  vision,  we  can 
only  expect  good  results  before  staphyloma  Intercalare  has  developed.  I  (Becker) 
have  been  given  the  accurate  history  of  a  case  and  the  operative  result,  through 
the  kindness  of  Prof.  Mauthner.  The  nine-year-old  N.  in.  is  said  to  have  seen 
well  up  to  her  eighth  year.  From  this  time  on  her  vision  l>egan  to  diminish, 
said  to  have  resulted  from  a  fever.  In  the  left  eye  the  iris,  in  its  upper  half. 
Is  more  anteriorly  situated  than  in  its  lower  half.  The  pupil  is  black,  and 
somewhat  displaced  upwards,  irido-donesis.  The  refractive  media  are  clear. 
The  eye  is  highly  myopic,  irregularly  astygmatic,  but  shows  no  staphyloma. 
With — >^  vision  can  be  improved  to  fg.  On  use  of  atropine,  full  dilation  of  the 
pupil  is  obtained,  but  the  lower  margin  of  the  lens  can  not  be  seen.  The  right 
eye  shows  a  normal  conjunctiva  and  cornea;  no  ciliary  injection.  Near  the  high- 
est point  of  the  anterior  chamber  is  located  the  greyish  white  and  cloudy  lens. 
It  is  closely  adherent  to  the  posterior  surface  of  the  cornea,  and  is  immovable. 
It  is  smaller  in  all  its  diameters,  and  is  shrunken  to  about  two-thirds  its  normal 
size.  The  iris,  as  far  as  can  be  Judged,  shows  no  abnormality.  The  pupil,  which 
can  not  be  dilated  by  use  of  atropine,  is  completely  covered  by  the  lens.  On 
May  23,  1870,  Mauthner  extracted  the  lens  of  the  right  eye  by  means  of  a  peri- 
pheric linear  incision.  The  Graefe  knife  passed  through  the  Aequator  Lenti^t 
and  the  part'  of  the  iris  which  was  pressed  forward  was  excised.  The  lens, 
which  on  pressure  did  not  come  out,  was  finally  removed  with  a  Yaeger's  cir- 
cular spoon.  Nevertheless,  a  portion  of  the  lens  remained  adherent  to  the  pos- 
terior wall  of  the  cornea.  A  portion  of  this  was  removed  with  a  Daviel's  spoon, 
without,  however,  causing  the  cornea  to  give  up  its  non-transparent  and  cloudy 
appearance.  No  special  reaction  followed  the  operation.  At  the  end  of  five  days 
a  severe  episcleral  injection  developed;  on  the  seventh  new  vessels  became  vis- 
ible, extending  from  the  line  of  the  corneal  incision  up  to  the  part  where  the 
cloudiness  existed  in  the  posterior  portion  of  the  cornea.  The  lower  half  of  the 
pupillary  margin  is  adherent  to  the  cloudy  corneal  tissue.  In  about  one  week  the 
episcleral  injection  and  new  formed  vessels  disappeared.  By  means  of  a  broad 
irideetomie  downward,  made  on  the  22d  of  June,  vision  was  increased  to  SJ 
by  use  of  -|-l-4»  equal  to  -|-10D. 

The  pathological  and  anatomical  conditions  of  the  case  may  be  explained 
by  the  examination  of  an  eye,  which,  I  am  sorry  to  say,  was  sent  to  me  (Becker) 
without  a  history  by  Dr.  Schmidt,  of  Odessa.     It  is  exceedingly  pear-shaped, 

10  Die  Krankheiten  des  Auges,  II.  274. 
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bas  a  deep  excavation  of  the  optic  nerve,  and  sbo'^^'s  a  detachment  of  the  vitre- 
ous, ciliary  staphyloma,  and  in  its  anterior  chamber,  almost  at  the  anterior  pole. 
Is  a  lens  31^  mm.  in  thickness,  and  4y*  mm.  in  width.  The  lens  is  enclosed  in  its 
capsule,  which  is  shrunken  at  some  points;  it  is  cataractous,  and  adherent  to 
the  posterior  surface  of  the  cornea.  Examined  with  the  naked  eye.  the  lens 
appears  held  adherent  to  the  cornea  by  a  mass  of  exudate.  The  microscopical 
examination  of  the  half  of  the  eye  placed  at  my  disi)osal  was  made  by  my 
assistant.  Dr.  Raab.  This  showed  that  at  the  point  of  attachment  the  corneal 
cloudiness  extended  almost  to  Bowman's  membrane,  and  that  this  was  perme- 
ated by  blood  vessels.  At  which  point  these  vessels  stand  in  connection  with 
the  vessels  of  the  cornea,  can  not  be  decided  from  this  half  of  the  eye.  The 
descemetis  had  been  severed  over  a  wide  extent  of  surface,  had  drawn  back 
and  was  folded  upon  itself  upward,  and  downward  it  had  rolled  itself  up  spirally 
In  a  most  characteristic  manner.  A  new  formation  has  pushed  Its  way  In  be- 
tween the  descemetis  and  the  original  corneal  tissue,  w^blch  also  extends  in 
various  directions  and  to  a  varying  extent  over  the  outer  surface  of  the  shrunken 
capsule.  The  lens  has  no  connection  with  the  iris,  which  passes  transversely 
across  the  anterior  chamber  from  its  place  of  origin  at  the  corneal  edge  {5%  mm. 
behind  the  pole  of  the  cornea).  The  cornea  is  thicker  in  the  center  than  at  its 
l>erlphery.  The  Corpus  Clliare  is  exceedingly  atrophic,  the  ciliary  processes  ap- 
pearing as  thin  ridges.  A  most  exact  description  of  the  case,  together  with  the 
illustrations,  can  be  found  in  the  second  edition  of  Becker's  Atlas  (Die 
PiCthologische  Topographie  des  Auges),  Plate  XVIII.  This  case  differs  from 
Mauthner's,  in  that  in  the  former  a  ciliary  staplyoma  had  not  as  yet  developed, 
and  consequently  one  could  expect  an  improvement  in  vision. 

The  phenomena  which  were  observed  during  and  after  the  operation  at  the 
line  of  attachment,  especially  the  persistence  of  the  cloudiness  at  the  point  and 
the  development  of  vessels  and  their  disappearance  again,  are  fully  explained 
by  the  foregoing  examination.  Where  violent  symptoms  of  reaction  begin  to 
develop,  both  in  cases  of  spontaneous  luxation,  as  well  as  traumatic  luxations 
in  the  anterior  chamber,  a  threatened  ulceration  of  the  cornea,  ending  in 
phthisis,  and  a  total  loss  of  vision,  due  to  secondary  glaucoma,  can  only  be 
averted  by  an  early  extraction.  Hence,  Arlt  advised  the  use  of  a  small  Beer's 
knife,  and  in  each  case  he  decides  according  to  the  special  features  of  the  case, 
whether  or  not  the  capsule  should  be  opened  at  the  same  time.  If  we  desire  to 
excise  the  iris  after  the  lens  has  been  extracted,  this  can  be  grasped  by  a  hook. 
It  will  scarcely  be  possible  to  avoid  escape  of  vitreous.  In  order  to  avoid  a 
possible  choroidal  hemorrhage,  it  is  advisable  to  first  induce  deep  narcosis.  If 
the  operation  is  made  before  the  development  of  glaucoma,  the  result  will  be 
better.  The  peculiar  features  which  may  develop  during  the  process  of  healing, 
where  glaucoma  has  already  set  In,  are  illustrated  by  the  following  case: 

The  seventy-three-year-old  wife  of  a  gardener,  while  chopping  wood,  struck 
herself  in  the  right  eye.  In  the  beginning  the  pain  was  not  severe;  she  could 
see,  "only  different,"  as  she  expressed  it.    On  the  third  day  the  pain  became 
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very  violent,  and  vision  was  almost  totally  abollslied.  On  being  called,  I  found 
the  lens  in  the  anterior  chamber,  the  Iris  pushed  back  and  the  entire  eyeball 
red  and  hard.  She  could  still  count  fingers.  On  the  eleventh  day  I  made  the 
extraction  upward  by  means  of  a  flap  incision.  The  lens  escaped  easily  without 
loss  of  vitreous,  and  the  iris  was  not  excised.  Pain  ceased  at  once,  the  wound 
healed  very  quickly,  and  the  patient  was  ready  to  be  discharged  on  the  tenth 
day.  Since  she  could  not  receive  proper  attention  at  home  she  remained  at 
the  clinic.  I  made  a  trip,  and  to  my  astonishment  on  my  return,  after  an  ab- 
sence of  three  weeks,  found  her  still  at  the  clinic.  Owing  to  increased  intra- 
ocular tension,  the  wound  which  had  healed  so  quickly  commenced  to  give,  and 
'without  a  perforation  having  ever  taken  place,  or  the  Iris  cicatrized  In  the 
wound,  I  found  an  ectatic  condition  of  the  cicatrix.  Notwithstanding  the  most 
Intense  pain  the  patient  would  not  permit  me  to  enucleate.  Therefore,  I  made 
an  incision  through  the  cicatrix,  and  permitted  sufficient  vitreous  to  escape,  so 
that  phthisis  bulbi  followed. 

If,  at  the  time  of  the  trauma  llie  hixated  lens  is  already  cataractous, 
the  diagnosis  is  easy.  Owing  to  its  cloudiness,  no  matter  where  located,  the 
lens  can  he  found.  The  suhjective  symptoms  are  subject  to  change,  inso- 
much, that  the  lost  vision  may  be  restored.  Respecting  the  aetiology,  one 
must  only  be  reminded  of  cases  of  long  standing  cataract,  where,  owing  to 
the  shrinkage  of  new  formations  on  the  inner  surface  of  the  anterior  cap- 
sule, the  connection  between  the  capsule  and  the  zonula  are  loosened,  and 
in  these  cases  a  contusion  of  the  eyeball,  or  a  concussion  of  the  entire  body 
may  be  the  exciting  cause  to  bring  about  the  condition.  ITere  the  luxa- 
tion is  really  not  spontaneous,  but  one  must  assume  that  if  the  accidental 
cause  had  not  taken  place,  the  same  result  would  nevertheless  have  occurred 
in  course  of  time.  The  operative  procedure  of  reclination  must  also  be 
looked  u|)on  as  a  cause  of  luxation.  The  occurrence  of  hixation  into  the 
anterior  chamber  during  the  operation  of  reclination  became  a  matter  of 
great  importance  in  the  history  of  opthalmology.  Even  in  extraction,  luxa- 
tion of  the  cataract  plays  a  prominent  part. 

A  freely  movable  cataractous  lens  is  also  described,  especially  the  cal- 
careous cataract.  As  vision,  as  a  rule,  is  totally  lost  in  cases  of  calcareous 
lenses,  it  is  simply  a  question  of  removing  a  calcareous  lens  which  has 
fallen  into  the  anterior  chamber,  or  become  wedged  in  the  pupil,  either  for 
cosmetic  purpose,  since  the  white  or  yellow  amber-colored,  wrinkled  body 
disfigures  the  eye  very  much;  or  one  operated  on  account  of  the  pain  or 
inter-current  inflammation,  Tn  such  operations  one  must  be  prepared,  not 
only  for  the  escape  of  vitreous,  })ut  ft^r  large  choroidal  hemorrhages.  For 
this  reason,  the  prognosis  as  the  result  of  an  operation  is  exceedingly 
dubious. 

If,  at  the  time  of  the  contusion  of  the  globe,  the  sclera  is  ruptured, 
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in  nearly  every  case  the  lens  will  bo  removed  from  its  normal  position.    It 
may  remain  in  the  eye,  and  thiis  become  a  new  wurce  of  danger,  for  in 
nearly  ever}'  case  the  capsule  is  opened.    The  prognosis,  however,  does  not 
entirely  depend  on  the  lens;  hence  we  need  not  consider  these  cases  any 
further.     It  is,  however,  not  an  infrequent  occurrence  for  the  lens  to  be 
forced  out  of  the  eye  at  the  time  of  the  accident.     The  sclerotic  is  nearly 
always  ruptured  in  a  direction  which  is  concentric  to  the  busc  of  the  cornea, 
at  about  2  (at  most,  4)  mm.  distance  from  the  base  of  the  cornea,  most 
frequently  upward,  and  upward  and  inward;  only  isolated  cases  have  been 
reported  where  sucli  a  rupture  has  taken  place  downward.     Whether  the 
conjunctiva  ruptures  at  the  time  or  not,  depends  on  the  force  of  the  blow. 
In  the  first  case,  the  lens  will  be  found  in  the  conjunctival  sac,  or  it  is 
never  found.    Iris  and  coi-pus  ciliare,  as  well  as  a  good  portion  of  the  vit- 
reous, prolapse  from  the  wound,  and  the  entire  globe  collapses.     Blood  is 
found  in  the  anterior  chamber  and,  as  can  bo  seen  in  cases  w^hich  heal,  the 
vitreous  is  penneated  with  large  clots  of  blood.    Treatment  consists  in  ex- 
cising the  prolapsed  uvea  and  vitreous  and  applying  an  a^sceptic  dressing 
to  the  eye.    The  application  of  cold,  especially  ice  compresses  seem  to  be  of 
great  benefit.    If  the  conjimctiva  has  not  been  ruptured  we  will  find  under 
a  vesicle-like  elevation  of  the  conjunctiva,  the  lens  in  its  capsule,  appear- 
ing like  a  round,  transparent  body,  which  on  focal  illumination  gives  the 
well-known  shining  circle.    In  this  location,  the  lens  may  retain  its  trans- 
parency for  week.s,  so  that  the  rupture  of  the  sclerotic,  through  which  the 
lens  escaped,  may  become  entirely  healed.    It  is  a  striking  fact,  that  in  these 
cases  of  luxation  under  the  conjunctiva,  neither  iris  nor  vitreous  prolapse 
from  the  wound.     The  iris,  however,  is  frequently  inverted  at  this  point, 
and  simulates  a  coloboma.    Where  the  sclerotic  closes  again  before  the  lens 
is  removed,  the  process  of  healing  is  a  much  simpler  one,  the  conjunctiva 
acting  as  a  barrier  against  infection. 

SECONDARY  LUXATIOX  OF  THE  LENS. 
DISLOCATK)  LEXTIS. 

Among  those  pathological  conditions  of  a  complicated  character, 
which  lead  secondarily  to  a  luxation  of  the  lens,  those  which  lead  to  staphy-i 
lomatous  formations  occupy  the  first  position. 

If,  owing  to  the  perforation  of  a  corneal  ulcer,  the  aqueous  escapes,  or 
if  as  the  result  of  a  trauma,  the  anterior  chamber  is  opened,  the  iris  and 
lens  will  apply  themselves  to  the  posterior  surface  of  the  cornea.  If  the 
opening  closes  again,  so  that  no  more  aqueous  escapes,  under  certain  con- 
ditions both  iris  and  lens  will  return  to  their  normal  position.    But  just  as 
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the  iris,  owing  to  an  anterior  synechia,  may  be  held  in  the  wound,  the  lena 
may  likewise,  with  or  without  a  previous  opening  of  the  capsule,  be  held 
fast  by  new-formed  cicatrical  tissue  and  thus  be  prevented  from  fully  re- 
turning to  its  normal  position. 

It  is  well  known  that  cases  of  large  perforating  wounds  of  the  cornea 
lead  to  partial  or  total  corneal  staplyloma.  The  influence  which  this  exerta 
on  the  position  of  the  lens  depends  entirely  on  the  fact  whether  the  entire 
lens  escaped  at  the  corneal  perforation  or  whether  the  capsule  w^as  simply 
opened,  and  a  portion  of  the  lens  was  evacuated,  or  whether  the  lens,  either ' 
intact  or  opened,  has  become  cicatrized  to  the  bulging  cornea;  and,  finally, 
where  all  these  conditions  are  not  present,  whether  the  corneal  staplyloma 
does  not  secondarily  lead  to  a  dilation  of  the  annuhis  ciliaris.  and  thus 
cause  a  partial  or  total  tearing  of  the  zonula  zinii.  Accordingly,  we  may 
find  in  the  staphyloma  either  no  lens  at  all,  or  a  cataracta  secundaria,  or 
the  lens  is  adherent  in  front,  or  it  may  be  perfectly  unchanged  in  its  normal 
position,  or  it  may  finally  be  found  floating  in  the  vitreous,  still  att^iched  to 
the  remains  of  the  zonula.  In  cases  of  buphthalmus,  just  as  in  cases  of 
staphyloma  intercalare,  the  zonula  finally  tears,  and  the  lens  is  luxated. 

If  the  pus,  in  case  of  panopthalmitis,  or  purulent  hyalitis  and  choroid- 
itis, forces  its  way  out  of  the  eye,  in  the  majority  of  cases  it  will  do  so,  so 
close  to  the  periphery  of  the  cornea  as  to  partially  distroy  the  zonula.  The 
lens  will  be  displaced  and  imbedded  in  a  purulent  mass,  which  is  partially 
derived  from  the  vitreous  and  ciliary  body,  partially  from  the  iris.  In 
tliese  cases,  the  lens  assumes  the  most  peculiar  shapes,  which  no  doubt 
result  (being  preceded  by  softening)  from  an  unequal  pressure  exerted  in 
a  purely  mechanical  way.  I'inally,  new  formations  which  originate  in  the 
retina  and  choroid,  as  soon  as  they  come  in  contact  with  the  lens,  force  the 
lens  from  its  normal  position,  and  can  cause  it  to  assume  the  most  won- 
derful shapes.  A  hydrops  camerae  anierious  will  press  the  lens  backward;. 
a  choroiditis  serosa  or  glaucoma  will  force  it  forward.  In  a  case  of  spon- 
taneous abscess  of  the  vitreous  which  followed  years  after  an  operation  for 
glaucoma,  I  observed  how  the  lens  was  pressed  forward  until  it  touched 
the  posterior  surface  of  the  cornea,  even  before  a  change  in  the  shape  of  the^ 
eye  occurred. 
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CHAPTER  V. 

MALFORMATIONS   OF  THE  LEXS  WITHOUT  DEMONSTRATA- 

BLE  PATHOLOGICAL  CHANGES  IN  THE  OTHER 

PORTIONS  OF  THE  BYE. 

INDENTED  OR  NOTCHED  LENS.  Owing  to  their  great  rarity, 
anomalies  in  form  of  the  lens  in  otherwise  healthy 'eyes  are  exceedingly 
interesting.  The  ease  which  Becker  describes  in  both  his  works  is  evi- 
dently one  and  the  same.  In  his  Anatomy,  he  states  that  it  occurred  in  a 
syphilitic  child  a  few  weeks  old,  whereas  in  his  "Pathology  and  Therapy,'* 
where  the  case  is  fully  described,  he  says  that  it  occurred  in  a  boy  eight 
years  of  age.  Both  cases  are  referred  to  in  the  same  illustrations.  (See 
Becker's  Tafl.,  XIL,  Fig.  3,  4,  5). 

"I  (Becker)  am  In  possession  of  both  eyes  of  a  boy  8  years  of  age,  who  had 
congenital  syphilis,  and  who  died  in  the  hospital  of  Vienna  in  1866.  The  eyes 
were  sent  to  me  because,  during  life,  the  boy  had  seen  very  poorly,  without  any 
outward .  cause  being  discernible.  The  lenses  in  both  eyes  were  found  to  be. 
of  normal  size,  the  anterior  capsule  of  normal  thicl^ness  and  curvature.  On  the 
posterior  surface,  however,  1.25  mm.  from  the  edge,  there  existed  a  horse-shoe 
like  Indentation  open  toward  the  bottom.  As  preparations  of  Dr.  Goldzieher 
disclosed,  the  course  of  the  fibres  in  the  interior  of  the  lens  was  an  anomalous 
one,  and  thus  accounted  for  the  external  appearance." 

Enies  ^  believed  that  he  had  seen  a  amilar  case,  because  he  observed 
peculiar  shadows  on  making  an  opthalmosoopic  examination. 

The  anatomical  connection  between  this  anomalie  and  central  cataract, 
spindle  cataract  and  zonular  cataract  will  be  referred  to  further  along, 
when  these  various  forms  come  under  consideration.  A  particularly  in- 
structive case  (page  186)  has  been  anatomically  considered  by  Schirmer. 
which  illustrates  the  possibility  of  its  production  in  a  manner  analogous 
to  that  of  a  spindle  cataract.  This  has  likewise  been  referred  to  by  Knies 
(quoted  above). 

liENTICONUS.  CRYSTALLOKONUS.  ANTERIOR  ET  POSTERIOR. 

The  entire  literature  on  this  subject  comprises  but  sixteen  cases,  hence 
it  will  be  seen  how  extremely  rare  is  its  occurrence. 

The  first  case  was  described  by  Webster  ^  as  one  of  Unticonus,  and  the 

1  Tiber  den  Spindelstaar  i|nd  die  Accommodation  bei  demselben.    Arch.  f. 
Opth.,  Bd.  XXIII,  1,  p.  210. 

2  Bin  Fall  von  Lenticonus  aus  der  Prexls  der  Dr.  G.  R.  Agnew,  Arch,  fur 
Angen  und  Ohren.   Knapp,  Moos  B.  IV,  1874,  p.  262. 


second  by  Van  der  Laan  and  Plaoido^  as  cnjaialloikonus.  Hoth  of  these 
cascH  were  anterior  leuiivonus,  and  from  their  descriptions  it  does  not  ap- 
pear that  this  was  a  congenital  anomalie,  thoiigli  in  Webster's  case,  he  de- 
scribes a  small  iK)sterior  polar  cataract  and  a  pnnctatc  cloudiness  of  the 
posterior  capsule.  Both  eases  were  observeil  in  men  between  23  and  24 
years  of  age.  In  Webster's  case,  the  history  i)crmits  of  the  belief  that  it 
was  congenital,  whereas  in  Van  der  Ijann's  case  the  statement  is  made  that 
the  disease  began  to  develop  some  eight  years  before  the  patient  came  under 
observation.  Both  authorities  state  that  the  lens  extended  outward,  into 
the  pupillary  area  as  a  regularly  formed  cone.  Its  appearance  was  like  that 
of  a  keratoconus,  and  seemed  to  indicate  a  genetic  similarity. 

Becker  state8:  "We  would  have  no  idea  ron<rernlng  the  arranKeinent  of  the 
lens  fibres  In  snch  a  lens,  had  the  opi)ortunit.v  not  l>een  jrlveu  of  studying  the 
lens  of  a  rabbli.  sent  to  nie  by  Scholer  and  I'thoflT,  and  later  of  studying  the 
second  eye.  which  was  sent  to  me.  in  which  likewise  there  was  no  persistent 
hyaloid  pn»sent,  and  in  which  the  lens  covere<l  with  its  normal  capsule  extended 
conlcally  into  the  ritreoua.  irnfortunately,  the  lens  sent  to  me  was  very  friable, 
and  notwithstanding  the  utmost  care,  not  a  single  perfect  section  extending 
through  this  proeess  could  lx»  obtained.  Hence  the  des<'ription  is  confined  to 
Uthoflfs  sections,  whicli  were  thick  and  unstained.  By  rei)eated  examinations 
1  convin<*ed  myself  that  the  course  of  the  lens  fibres  in  the  anterior  portion  of 
the  eye  was  normal.  Whereas,  at  the  posterior  i)ole  there  is  a  cone  1.5  mm.  In 
height,  and  somewhat  constricted  at  its  l)ai<e.  into  which  the  central  sagittal 
fibres  of  the  second  period  of  foetal  development  extend.  In  the  region  of  the 
l>o8terior  iKile  tlie  concentrically  arraimed  fibres  «re  not  in  ap]>osition  with  those 
of  the  opposite  side,  but  appear  to  clasp  this  cone.  It  gives  one  tlie  im]>ressioD 
as  thougli  the  lens  as  an  entirety  liad  suddenly  been  imped<Hl  In  its  further 
development  (the  sagittal  fibres  of  tlie  second  period  having  tH*en  presse<l  back- 
ward). In  the  siieclmens  examined,  the  conical  process  was  almost  completely 
covered  by  the  capsule,  tliough  it  is  presunu^l  that  in  a  more  perfect  specimen 
the  capsule  would  have  been  shown  in  its  entirety.  It  netnl  hardly  be  men- 
tioned that  tlie  reference  as  to  Its  origin  is  purely  hypothetical." 

This  is  the  lirst  report  of  a  case  of  posterior  lenticonus,  and.  so  far,  is  the ' 
only  case   which   has  been   anat<)mically    cxajuined.     In    .January,     1888, 
Becker  examined  tlu^  first  case  observed  in  man.    Owing  to  the  very  careful 
examination  made,  and   the  accurate  descri])ti()n   of  the  clinical  features, 
this  case  is  quoted  in  ex  ten  so. 

Case  of   Posterior  Lenticonus.     Dr.    F.   ^leyer.   Assistant   der  I'nlvorsitats 
Augenklinik  zu  Heidelberg.4 


3  I'na  nuova  anomalie,  etc.   Perioil  de  Opth.  Pract.,  No.  3.   Lisbon,  1880.  Nach 
NagePs  YahreslMM-icht.  1880.  Bd.  XI.  p.  360. 

4  Arch,  fur  .Xugenh-eilkunde.  February.  IHHH. 


Carl  E.,  10  years  of  age,  eonsulfed  Geli-Uatli  B(*cker  January  7,  1888.  who 
kindly  permitted  me  to  publisli  tliin  ease.  His  fattier  states  that  for  the  past 
three  or  four  years  he  has  observed  that  his  son's  right  eye  deviates  outward, 
but  lie  is  not  positive  whether  the  eye  was  perfectly  straight  previous  to  that 
time.  Some  six  or  nine  months  ago,  while  playing  at  ten-pins,  the  sou  had 
playetl  so  poorly  that  his  (the  father's)  attention  was  drawn  to  his  poor  vision, 
and  at  the  same  time  he  discovered  that  he  saw  double.  The  son  told  him  that 
he  always  saw  double,  and  was  surpriseil  to  learn  that  every  one  did  not  se^ 
as  he  did.    The  parents,  brothel's  and  sisters  of  the  l>oy,  all  have  good  vision. 

Statvft  Praesens,  The  t)oy,  a  healthy  blonde,  shows  no  signs  of  ricketts.  and 
has  never  been  ill.  The  right  eye  shows  a  moderate  degr*'e  of  strabismus  di- 
vergens.  Externally  there  is  nothing  particularly  noteworthy  as  to  size  or  shape 
of  the  eye.  Left  eye  Enj.  V.  equal  to  6-(>.  Right— counts  tingers  at  3.5  mm. 
The  patient  states  he  sei^s  l>etter  with  12  I),  but  this  is  not  really  true.  With 
the  left  eye  he  reads  Y.  No.  1  at  HG  up  to  37  cm.,  whereas  on  the  right.  'No.  9  at 
5  cm.  with  ditflculty.  Hence,  he  hait  fnH  accommodative  power  on  theieft  eye. 
As  a  rule  he  does  not  see  double;  l>ut  by  placing  a  colored  glass  l)efore  the  one 
eye.  crossed  double  images  can  be  prodiu-ed.  whicli  can  Ik*  fused  by  prism  of 
30  degrees  for  distance  and  37  degrees  for  near. 

Left  Eye.  Media  are  clear.  Fundus  sllglitly  i»lgmented  the  choroidal  ves- 
sels being  visible  everywhere.     Kmmetropia. 

liifjht  Eye.  Aside  from  Its  faulty  position  iu»thing  pathologh'al  is  to  be  ob- 
served. As  compared  with  the  cornea  of  the  other  eye  there  is  no  difference, 
and  the  keratoscope  gives  perfectl.v  round  rings.  On  casting  the  liglit  into  the 
eye  with  the  opthalmoscoiK*,  a  most  interesting  picture  is  disclosed,  which  be- 
comes more  <listin<*t  on  atropizing  tlie  eye.  In  the  center  of  tlie  red  reflected 
disc  one  .sees  a  second,  smaller  circular  figure,  surrounded  by  a  changeable  dark 
ring.  Its  diameter  is  equal  to  about  one-half  the  diameter  of  the  surrounding 
lighter  ring.  It  woidd  not  Im»  quite  correct  to  compare  this  inner  circle  to  a 
drop  of  oil.  since  we  get  a  picture  more  like  that  of  a  keratoconus  (Webster). 
The  dark  encircling  shadowy  ring  is  really  never  seen  as  a  perfect  circle,  it  Is 
rather  a  semi-circle;  wlilch,  however,  on  the  sllghtt^st  movement,  either  on  tlie 
part  of  the  patient's  eye.  or  of  the  observers,  dianges  Its  position  around  the 
central  disc.  The  cc»ntral  disc  is  not  only  distinct,  as  a  result  of  this  encircling 
dark  ring,  but  also  from  the  fact  that  with  every  movement  of  the  eye,  restless 
movements  are  made  which  are  difficult  to  des<*ribe.  Thus  a  series  of  light  and 
dark  circles  are  produ(»ed,  which  in  one  sense  may  be  said  to  be  making  con- 
tinuous movements,  in  tliat  new  ones  are  always  a]>pearing  while  others  dis- 
appear. 

Almost  in  the  center  of  this  inner  dis<-  one  sees,  slightly  upward  and  out- 
ward, a  sharply  defined  black  speck,  whiclj  is  alwut  0.r»  mm.  in  length  and 
about  one-iialf  as  wide,  the  long  diameter  extending  from  almve  and  outward, 
downward  and  inward.  This  is  surrounded  alsne  and  Inward  by  a  dark  line, 
almost  as  far  removed  from  it  as  Its  diameter.  Inward  from  tills  dark  line  is 
another  dark  spot,  about  as  far  distant  as  its  length  and  alwut  one-half  as 
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large.    This  latter,  however,  Is  not  sharply  defined,  and  aside  from  this  are 
numerous  fine  punctate  opacities. 

On  moving  the  eye  the  opacities  undergo  such  a  high  degree  of  parallactic 
transposition  in  the  opposite  direction  that  one  must  secure  very  slight  move- 
ments to  prevent  entire  loss  of  these  opacities  out  of  the  pupillary  area.  These 
movements  are  decidedly  more  marked  than  we  are  accustomed  to  note  them^ 
when  there  are  opacities  at  the  posterior  pole  of  the  lens,  and  hence  permit  of 
our  drawing  conclusions  as  to  the  probable  seat  of  these  opacities.  One  can 
safely  say  these  opacities  are  further  back  than  Is  the  usual  position  of  the 
posterior  surface  of  the  lens. 

The  Purkinje-Sanson  pictures  are  present.  The  one  belonging  to  the  pos- 
terior surface  of  the  lens  makes  very  rapid  movements  on  changing  the  positioD 
of  the  lamp. 

On  focal  illumination  we  at  once  see  the  cause  of  the  peculiar  pictures  noted 
above.  One  sees  a  funnel-shaped  body  deep  in  the  sagittal  axis  of  the  eye,  which 
reflects  the  light.  The  base  of  the  body,  as  far  as  on  can  Judge,  is  at  the  pos- 
terior surface  of  the  lens,  and  from  here  It  projects  backward  into  the  vitreous. 
This  funnel-shaped  body  is  perfectly  transparent,  and  is  continuous  with  the 
otherwise  totally  transparent  substance  of  the  lens,  and  Its  limiting  surfaces 
show  the  same  spots  observed  with  the  ttilixoi:,  only  where  they  were  dark  they 
now  appear  white,  strongly  reflecting  the  l|ght,  the  rone  rfirst^described  above 
appearing  almost  exactly  at  the  tip  of  the  funnel.  -  ^liience' there  can  jbe.  nendeubt 
as  to  the  diagnosis  of  lenticonus  posterior, 

Opthalmoscopic  examination  in  the  direct  method,  to  the  side  of  the  funn^, 
permits  a  good  examination  of  the  fundus,  which  shows  nothing  abnormal.  Id 
the  direct  method  only  the  periphery  of  the  fundus  can  be  examined,  and  shows 
Em.  It  is  impossible  to  gain  a  sharp  image  of  the  papilla;  the  best  can  be 
obtained  by  a  12  D  or  13  D.  The  large  opacity  at  the  tip  of  the  funnel  Is  best 
seen  with  a  -|-  28 1>. 

That  lenticonus  posterior  is  neither  a  formative  nor  a  developmental  anom- 
alie,  but  rather  a  pathological  process,  seems  to  be  attested  by  the  fact  that 
opacities  were  present  on  the  posterior  capsule.  One  could  then  compare  this 
condition  to  that  of  keratoconus,  where,  as  a  result  of  softening  and  thinning 
of  the  capsule,  less  resistance  is  offered  to  the  presence  of  the  growing  lens. 

Prof.  Knapp^  reported  a  case  in  1891.  He  considers  the  conus  eon- 
genital  and  stationary,  and  suggested  the  term  "e^tasie^^  or  ''excavation  of 
the  posterior  pole  of  the  lens.  Since  then,  but  three  cases  have  been  re- 
ported, one  by  J.  ^litvalsky,*  one  by  Eisaeh,'^  and  one  by  Dr.  Gullstrand.* 


5  Knapp's  Arch.,  Vol.  XXII,  p.  2a  1891. 

6  Ein  Nener  Fall  von  I^entieonus  Posterior  mlt  thellweiser  persistence  der 
Arteria  Hyaloidea.   Centralblatt  fur  prak  Augenheilkunde.  Mars,  1892. 

7  Ein  Fall  von  Lenticonus  Posterior.    Zehender*s  Klin.  Monatsblatt,  March^ 
1892. 

8  Ein  Fall  von  Lenticonus  Posterior.  Nordisk  Opth.  TIdskrift  V.  1,  Central- 
blatt, p.  177,  1892. 
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In  a  recent  paper  by  L.  Bach,®  the  entire  subject  of  lenticonus  poste- 
rior is  reviewed. 

He  states:  "Up  to  the  present  time,  but  sixteen  observations  of  len- 
ticonns  posterior  have  been  made,  and  recently  but  three  anatomical  ex- 
aminations." ^^ 

Clinical  observations  disclo«»ed  the  fact,  that  this  malformation  oc- 
curred in  twelve  cases;  eight  times  on  one  eye,  four  times  on  both.  In  the 
eight  cases,  the  other  eye  was  pronounced  normal  seven  times.  In  the  four 
cases,  the  statement  is  made  that  one  case  is,  positively,  and  the  other  three 
cases,  in  all  probability,  congenital. 

In  eight  cases  a  cataracta  polaris  posterior  is  said  to  have  been  present, 
together  with  the  lenticonus  posterior.  In  two  cases,  other  opacities  of  the 
lens  were  present.  In  two  eases,  remains  of  the  hyaloid  arterj-  were  found, 
and  in  one,  a  rudimentary  persistent  pupillary  membrane  on  the  other  eye. 
'Bach  examined  two  cases  occurring  on  two  rabbits,  and,  as  a  result 
of  his  anatomical  examinations,  draws  the  following  conclusions: — 

"A  disturbance  in  the  development  of  the  eye  is  the  cause  of  lenticonus 
posterior.  Sufficient  facts  are  at  hand  to  justify  us  in  asserting  that  during 
the  development  of  such  eyes,  there  is  jAn  anomalous  formation  of  the  lens, 
possibly  a  slight  disintegration  at  the  posterior  pole,  together  with  a  per- 
sistence of  the  vascular  capsiile  of  the  lens,  which  latter  remains  in  contact 
with  a  foetal  vitreous  strand.  Then,  as  the  eye  increases  in  size,  this  strand 
exerts  tension  on  the  posterior  capsule,  drawing  it  out,  and  finally  ruptur- 
ing the  same:  at  the  same  time  the  posterior  cortical  substance,  following 
the  direction  of  least  resistance,  diffuses  itself  posteriorly,  and  forms  the 
lenticonus.  Further,  the  lens  substance  may  swell  up,  and  tb.us  lead  to 
rupture  of  the  capsule.  There  seems  to  be  no  doubt  that  lenticonus 
posterior  is  due  to  tension  exerted  on  the  posterior  capsule  by  the  con- 
nective tissue  strand,  which  runs  through  the  center  of  the  vitrecus.  Dis- 
turbance in  the  retrogressive  changes  in  the  hyaloid  artery,  is  cervaiijly  an 
aetiological  factor  in  the  genesis  of  lenticonus  posterior." 


9  Path.  Anatomiflche  Studien  uber  Yerscbiedene  Missbildnnj^en  des  Aiiges. 
Oraefe  Arch.,  Vol.  XLV,  Part  I,  1898. 

i0PergeuB  Ed.  Bupbthalmus  mlt  Lenticonus  Posterior.  Arch.  f.  Augenlieilk. 
XXXV,  1  Heft,  8.  1;  Hess  C.  Path.  Anat.  Studien,  etc.  Graefe  Arch.,  Vol.  XLII, 
Part  III,  p.  214. 
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CHAPTER  VI. 

PAKTIAL  CATARACTS. 

A.' 

AXIAL  CATA1?ACT.     CATARACTA  AXIALIS. 

Only  such  cataracts  should  be  considered  as  partial,  which  have  re- 
mained as  such  for  many  years  or  during  the  whole  of  life;  hence  they  are 
also  stationary.  All  partial  or  stationary  cataracts  which  are  not  the  result 
of  a  trauma,  are  congenital  or  develop  during  the  years  the  lens  is  grow- 
ing (zonular  cataract).  The  forms  of  partial  cataract  which  occur  most 
frequently  are  found  on  a  line  connecting  the  two  poles  of  the  lens.  Hence 
they  are  called  axial  cataracts.  Formerly  they  were  called  cataracta  cen- 
tralis, without  regard  to  the  fact,  whether  they  were  in  the  centre  of  the 
lens,  or  at  its  anterior  or  posterior  pole;  the  centre  of  the  pupil  and  the 
centre  of  the  lens  being  looked  upon  as  identical  points.  But  as  long  ago 
as  1814,  Benedict^  drew  attention  to  the  uselessness  of  such  a  nomen- 
clature, and  he  proposed  that  centralis  should  be  applied,  only  to  those 
rare  cases  in  which  an  opacity  of  foetal  origin,  and  confined  to  the  nucleus 
of  the  lens  remained.  Those  opacities  due  to  inflammation  of  the  capsule 
of  the  lens  and  located  at  the  anterior  pole  are  designated  as  cataracta 
capsidaris  punctata. 

The  axial  cataracts  are  situated  either  in  the  centre  of  the  lens,  or  at 
its  anterior  or  posterior  pole. 

1.  CATARACTA  CENTRALIS  (LENTIS). 
CONGENITAL,  CENTRAL  LENS  CATARACT. 

During  life  the  central  cataract  appears  as  a  small,  white,  globular 
opacity  in  the  nucleus  of  the  lens,  exactly  in  that  place,  where  genetically 
one  would  expect  to  find  the  oldest  fibres.  The  glaring  white  light  which 
the  central  cataract  reflects  gives  evidence  of  the  intensity  of  the  opacity  at 
that  point. 

Such  central  cataracts  have  repeatedly  been- observed  at  birth,  hence 
they  are  most  certainly  congenital.  There  are,  however,  cases  (as  will  be 
shown  further  along)  in  which  the  opacity  of  a  zonular  cataract  is  so  in- 
tense as  to  simulate  a  central  cataract. 

The  remainder  of  the  lens  may  be  ])erfectly  transparent,  and  vision 
excellent.  From  this  we  may  also  conclude,  that  the  curvature  of  the  an- 
terior and  posterior  capsule  is  normal.     In  such  cases  the  central  cataract 


1  MoDographie  des  (5ranen  Staar's.    Breslau. 
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is  often  discovered  by  the  merest  chance:  often  not  until  very  advanced 
life.  More  frequently,  however,  this  form  of  cataract  is  complicated  by 
other  forms,  together  with  nystagmus.  l?ente  2  believes  that  the  nystagmus 
is  not  due  to  the  cataract  alone,  Init  to  some  disease  of  the  muscles  or 
nerve  ineiTation. 

The  seat  of  this  form  of  cataract  must  be  situated  where,  according  to 
the  development  of  the  lens,  one  would  expect  to  find  tlie  oldest  lens  fibres; 
those  which  had  grawn  in  a  saggital  direction;  hence,  we  must  come  to  the 
conclusion,  that  it  was  the  fate  of  the  lens  fibres  which  belong  to  the  second 
period  of  foetal  development  to  form  this  variety  of  cataract.  In  very  thin 
meridional  sections  of  human  lenses  taken  from  the  end  of  foetal  life  and 
the  beginning  of  extra-uterine  life,  one  can  recognize  these  fibres  enclosed 
in  the  concentric  lamellae.  It  is  especia\ly  worthy  of  note  that  in  the 
sheep  during  the  second  period  of  development  there  is  at  times  an  en- 
tirely perverse  position  and  unecpial  growth  of  the  proximal  cells.  Though 
we  can  not  conclude  from  this,  that  the  cloudiness  is  the  result  of  the  ab- 
normal position,  nevertheless,  the  observation  has  shown,  that  at  times  the 
abnormal  changes  do  take  place.  If,  liowever,  cmc  is  not  inclined  to  believe 
that  subsequently  there  is  cloudiness  of  this  conglomeration  of  cells;  one 
can  conceive  of  a  condition  here,  as  it  occurs  in  lamellar  cataract,  where, 
over  a  mass  of  lens  cells  which  have  become  cloudy,  new  lamellae  of  lens 
fibres  are  deposited,  which  have  abnormal  shape,  position  and  transpa- 
rency. This  always  presupposes  that  the  productive  viability  of  the  epi- 
thelium of  the  anterior  capsule  and  along  the  whorl  has  not  been  disturbed 
by  the  formation  of  the  central  cataract.  The  time  of  development  of  this 
form  of  cataract  is  placed  during  the  second  period  of  development  of  the 
lens;  hence,  about  the  sixth  or  seventh  week  of  foetal  life  of  the  human 
embryo. 

Arnold's  idea,^  that  the  lens  is  originally  cloudy  and  later  clears  up 
fiom  the  periphery,  must  be  drop])e(l.  Foi*,  as  has  ])ccn  i*hown  on  page  51, 
this  central  cloudiness  which  Fr.  Arnold  found  in  the  central  portion  of 
the  lenses  of  young  animals  is  due  to  the  presence  of  a  fatty  substance 
which  melts  at  a  low  degree  of  lemperature.  and  this  substance  is  only 
found  in  the  centre  of  young  lenses  where  the  tem])crature  is  reduced;  this 
coagulates,  and  the  centre  of  the  lens  becomes  cloudy:  \vliereas,  on  heating 
to  the  temperature  of  the  body,  the  lens  clears  up  again,  the  substance  re- 
turning to  the  fluid  state. 


2  Walter  von  Ammon's  .Tournal,   f.  d.    Clilr.  and  Au^enheilkunde,   XXXII, 
p.  524. 

3  Untersuehungen  uber  des  Anjre  des  Mensrlien,  ^K^2.  p.  KA. 


176 

H.  MuUer  *  described  a  case  occurring  in  a  young  goat,  with  cataracta 
polaris  posterior  and  persistent  hyaloid.  But  he  was  so  taken  up  with  the 
description  of  the  posterior  polar  cataract,  that  he  simply  mentioned  the 
presence  of  the  cataracta  centralis  lentis. 

Carl  Hess  reports  an  exceedingly  interesting  congenital  anomaly  in 
a  chick  150  hours  old.^  The  essential  features  of  this  malformation  con- 
sisted in  a  delayed  and  incomplete  closure  of  the  lens  vesicle,  as  it  is  derived 
from  the  epithelial  plate.  In  consequence  of  this  incomplete  closure,  the 
lens  fibres  were  not  held  in  by  the  enclosing  capsule,  and,  undergoing 
hyperplasia,  found  an  exit  through  the  opening  in  the  ampulla;  as  a  result, 
the  normal  nutritive  conditions  were  markedly  disturbed,  and  a  diffuse 
disintegration  of  the  elongated  fibre  followed. 

This  description  is  exceedingly  intei^sting,  since  it  offers  us  an  ex- 
planation as^  to  the  cause  of  ceri»in  forms  of  congenital  cataracts,  which 
up  to  this  time  has  been  purely  speculative.  It  is  possible,  if  the  develop*- 
ment  of  the  chick  had  not  been  interfered  with,  that  later  on  this  lens 
vesicle  might  have  become  constricted  and  closed,  after  those  fibres  which 
had  grown  out  of  the  ampulla  had  totally  disintegrated,  and  a  hindrance 
to  a  closure  which  they  offered  had  been  totally  removed.  The  fibres 
within  the  ampulla  (those  which  later  on  would  have  formed  the  nucleus), 
would  also  have  disintegrated.  If  now,  later  on,  new  fibres  had  developed 
in  a  perfectly  normal  manner,  a  normal  cortex  would  have  formed  around 
a  diseased  nucleus,  thu^  giving  us  the  picture  of  a  true  congenital  central 
(nuclear)  cataract.  Hess  further  suggests  the  intimate  connection  between 
this  form  of  cataract  and  zonular  cataract,  and  he  further  states  that  an- 
terior polar  cataract  could  easily  be  explained  as  the  result  of  a  delayed 
closure  of  the  lens  vesicle.  Spindle  cataracts  could  be  explained  in  a  like 
manner. 

2.  CATARACTA  POLARIS  ANTERIOR.  CATARACTA  CENTRALIS 
CAPSULARIS  ANTERIOR.  CATARACTA  CAPSULARIS 
PUNCTATA.  ANTERIOR  CENTRAL  CATARACT. 
CATARACTA  PYRAMIDALIS.  CATA- 
RACTA PYRAMIDATA. 

Frequently  we  find  a  small,  glistening,  white,  and  (as  a  rule)  round 
opacity  at  the  anterior  pole,  which  reflects  the  light.  This  opacity  varies 
in  size  from  that  which  is  just  perceptible,  up  to  one  having  a  diameter 

4GeBammelte  und  Hinterlassene  Schriften  Herausgegeben  von  O.  Becker, 
1872,  Bd.  1. 

6"Zur  Pathology  und  Pathologlsehen  Anatomie  Verschledener  Staaar  Por- 
men."   Graefe  Arch.,  XXXIX,  1893,  B.  1,  p.  183. 
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of  from  2  to  ^  mm.  At  times  this  white  spot  is  smooth  on  the  surface; 
again,  it  may  extend  out  into  the  anterior  chamber  the  distance  of  a  milo- 
metre.  When  the  pupil  is  contracted,  it  touches  this  on  all  sides,  whereas 
when  the  pupil  is  enlarged  it  always  remains  situated  in  the  centre  of  the 
same.  In  the  "flat  varieties/^  if  they  are  not  too  small,  we  can  at  times 
demonstrate  by  focal  illumination  a  slight  folding  of  the  adjacent  parts  of 
the  capsule.  Those  which  extend  into  the  anterior  chamber  are  known  as 
cataracta  pyramidalis  or  pyramidata.  Very  often  the  eataracta  pyramid- 
alis  is  the  only  anomaly  of  the  eye.  In  such  cases  the  amount  of  vision  de- 
pends largely  on  the  size  of  the  cataract,  and  the  conditions  of  its  adjacent 
parts  of  the  capsule.  Cases  have  been  repeatedly  observed  in  which  vision 
was  perfectly  normal.  More  frequently,  however,  it  is  associated  with  the 
opacities  of  the  lens,  such  as  cataracta  centralis.  In  all  such  cases,  atten- 
tion should  be  directed  to  the  transparency  of  the  cornea;  also,  careful  in- 
vestigation for  remains  of  a  pupillary  membrane  should  be  made. 

In  his  "Anatomic,*'  Becker  divides  anterior  polar  cataracts  into  three 
groups — the  congenital,  the  acquired,  and  those  due  to  adhesions  between 
capsule  and  iris. 

a.  CATARACTA  POLARIS  ANTERIOR  (PYRAMIDALIS)  CON- 
GENITA. 

All  the  vaide^ies  of  cataract  noted  at  this  point  are  capsular  cataracts. 
In  all  cases  of  congenital  anterior  polar  cataract,  the  lens  is  otherwise  nor- 
mally constructed.  Hence  the  cataract  must  have  developed  after  the  con- 
centric formation  of  the  lens  had  begun;  hence  in  the  third  period  of 
foetal  development,  possibly  at  the  close  of  the  second.  In  the  foregoing 
division,  attention  is  drawn  to  a  ea*se  observed  by  Hess,  and  the  possibility 
of  a  late  closure  of  the  lens  vesicle  being  the  cause  of  an  anterior  polar 
cataract.  It  appears  that  neither  these  congenital  anterior  polar  cataracts, 
nor  the  acquired  forms  seem  to  interfere  with  the  further  growth  of  the 
lens,  and,  finally,  since  the  growth  of  the  lens  follows  as  a  result  of  indirect 
cell  division  of  the  anterior  epithelium,  a  partial  loss  of  this  epithelium 
can  not  interfere  with  the  further  growth  of  the  lens.  The  histological 
structure  of  these  capsular  cataracts  differ  in  no  way  from  capsular  cataract 
as  already  described. 

The  capsule  itself  is  not  drawn  out  as  a  regular  one,  but  seems  rather 
to  be  folded,  and  on  section  shows  ver}^  pretty  pictures.  Frequently  the 
base  of  the  pyramidal  cataract  is  round,  and  extends  for  some  distance  into 
the  lens  substance;  in  fact,  the  oenti*al  portion  seems  to  extend  a  little 
deeper,  so  that  its  edge  appears  curved  and  distinct  against  the  surround- 
ing transparent  lens  substance.     Where  there  is  a  constriction  near  the 
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anterior  capsule,  this  curvature  becomes  especially  marked,  and  it  appeal^ 
as  though  this  constriction  were  the  cause  for  the  curvature  of  the  deeper 
layers  of  fibres.  At  times  one  observes  tliat  the  pyramidal  cataract,  as  well 
as  the  flat  ones,  are  continuous  with  a  sharp  process,  which  extends  back- 
w^ard  into  the  lens  substance.  Such  forms  are  the  transitional  step  to  the 
formation  of  the  spindle  cataracts. 

b,  OATAKACTA  POLARIS  ANTERIOR.  (ACQUISITA).    ACQUIRED 
ANTERIOR  CENTRAL  C  APSULAR  CATARAC1\ 

The  aetiology  of  the  acquired  form  of  central  capsular  cataract  has 
been  the  subject  of  a  great  deal  of  study  and  investigation.  According  to 
Arlt,  it  develops  in  children,  seldom  in  adults,  as  a  result  of  a  perforating 
central  corneal  ulcer.  He  was  of  the  opinion  that  a  portion  of  the  exudate 
remained  adherent  to  the  capsule.  It  is  not  to  be  denied  that  this  can 
occur.  The  cases  of  cataracta  pyramidalis  in  which  a  shred  pf  scar  tissue 
extends  from  the  cornea  to  the  capsule,  and  thus,  by  this  means,  draws  the 
lens  and  iris  forward  and  holds  them  in  this  position,  demonstrates  that 
scar  tissue  which  is  formed  by  cornea  and  iris  can  take  part  in  the  formation 
of  the  pyramidal  cataract.  This,  however,  is  not  necessary.  Schweigger 
convinced  himself, that  corneal  ulcers  which  are  not  situated  in  the  centre  of 
tlie  cornea  and  perforate  may  give  rise  to  central  capsular  cataract.  Hulke 
(().  H.  R.,  p.  189)  does  not  consider  it  necessary  that  a  perforation  should 
occur  in  order  to  give  rise  to  a  central  capsular  cataract.  Owing  to  the 
extreme  shallowness  of  the  anterior  chamber  in  the  child's  eye,  especially 
in  the  new-born,  a  simple  swelling  of  the  corneal  tissue  during  an  inflam- 
matory process  (as.  i)er  example,  in  bl.  neonatorum),  is  sufficient  to  bring 
the  lens  and  cornea  in  contact  (Mackenzie,  Ed.  IV.,  ]).  4()9).  In  both  cases 
— (hither  where  the  aqueous  is  drained  off,  or  where  the  inflammatory  ir- 
ritation causes  a  contraction  of  the  pupil — only  the  centre  of  the  anterior 
capsule  is  permitted  to  come  in  contact  with  the  inner  surface  of  the  cor- 
nea, and  it  appeal's,  if  this  takes  place  for  a  sufficient  length  of  time,  it 
will  induce  a  hyperplasia  of  the  capsular  epithelium.  According  to  Knies,*^ 
but  a  few  days  of  actual  contact  of  the  pupillary  portion  of  the  capsule  of 
the  lens  with  the  surface  of  a  corneal  ulcer  are  sufficient  to  cause  a  hyper- 
plasia of  the  epithelium  on  its  inner  surface.  Knies  succeeded  in  examining 
this  hyperplasia  at  such  an  early  stage  that  the  cloudiness  only  set  in  dur- 
ing the  hardening  process.  Deutsch man's  statements  are  of  equal  im- 
portance.    He  observed  that   in  acute  i)urulent  processes  of  the  anterior 


6C.  P.  Anterior  und  C.  Morpaphi.   Zehender's  KHn.  Monatsblatter.  1880,  Bd. 
XVIII,  p.  181. 
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segment  of  tlie  globe,  only  the  portion  of  the  globe  corresponding  to  the 
free  pupillan*  area  was  affected  by  the  pus,  the  posterior  surface  of  the 
iris  protecting  the  remaining  portion  of  the  capsule  for  a  long  time,  un- 
doubtedly because,  as  a  result  of  iritis,  the  posterior  surface  of  the  iris  be- 
came adherent  to  the  capsule.  Deutschman  further  observed  that  the  pro- 
duction of  a  chronic  inflammation  of  the  vitreous  likewise  caused  a  hyper- 
plasia of  the  anterior  capsular  epithelium,  leading  to  the  formation  of  a 
true  capsular  cataract. 

The  local  and  circumscribed  area  of  development  of  the  capsular  cat- 
aract, all  favor  the  local  and  the  temporary  action  of  the  cause,  and  this 
is  to  be  found  in  the  contact  of  the  anterior  capsule  with  the  pathological 
product.**  of  the  corneal  ulcer.  As  a  result  of  direct  contact  of  the  cap- 
sule with  the  vascular  pupillary  margin  of  the  inflamed  iris,  and  with  the 
inflamed  and  vascularized  cornea,  »  portiDn  of  the  lens  receives  its  nour- 
ishment as  it  did  in  foetal  life;  namely,  by  means  of  the  vascular  capsule. 
Here,  again,  tlie  epithelial  cells  receive  their  nutriment  directly  through 
the  capsule,  and  as  a  result  there  will  be  an  increased  production  of  celts; 
which,  since  it  will  be  in  excess  of  the  regular  development  of  fibres  at  the 
whorl  and  the  gradual  movement  of  the  entire  epithelium,  will  naturally 
lead  to  a  local  hyperplasia,  which  becomes  changed  into  a  capsular  cataract; 
which,  as  a  result  of  its  own  products,  limits  its  own  growth.  The  various 
forms  of  punctate,  flat,  pyramidal,  congenital  and  acquired  central  cap- 
sular cataracts,  are  but  differently  developed  products,  of  the  same  process. 

Sight  must  not  be  lost  of  Ilulke's  observations,  that  during  foetal  life, 
in  which  a  true  anterior  chamber  does  not  exist,  every  affection  of  the  cor- 
nea leading  to  swelling,  would  be  sufficient  cause,  to  excite  that  portion  of 
the  lenticular  epithelium  lying  in  the  pupillary  area  to  undergo  a  hyper- 
plasia. Hence  Becker  states  that  he  "inclines  more  and  more  to  the  belief, 
that  both  the  congenital  and  the  acquired  ca[)sular  cataracts  are  due  to  the 
same  cause.^' 

Though  it  is  the  rule  that  congenital  central  capsular  cataract  is  pres- 
ent on  both  eyes,  this  is  not  necessarily  always  the  case. 

c.  (;ATAI?ACTA  CAPSrLAF?TS  AXTEinOH.  (A('(M{ETA.) 

There  is  a  variety  of  circumscribed  capsular  cataract,  which  occasion- 
ally comes  under  observation,  which  results  from  permanent  adhesions 
between  capsule  and  iris.  True  simple  synechia  seldom  lead  to  the  forma- 
tion of  capsular  cataracts,  which  are  occasionally  observed  at  the  point 
where  the  remains  of  a  persistent  pupillary  membrane  is  still  adherent  to 
the  capsule,  the  lens  being  perfectly  transparent. 
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3.  CATARACTA  POLARIS  POSTERIOR- VERA. 

The  differential  diagnosis  between  this  form  and  the  spuria,  was 
given  on  page  144.  In  reality,  the  diagnosis  was  made  between  the  latter 
and  posterior  cortical  cataracts,  as  observed  in  retinitis  pigmentosa  and  cho- 
roidal disease.  The  posterior  Cortical  cataracts  will  be  considered  further 
along. 

Becker  states,  (Anatomy,  p.  122),  "that,  based  on  his  examination  of 
preparations  of  posterior  cortical  cataract,  he  considers  that  he  has  shown 
that  a  true  posterior  polar  cataract  may  result  from  a  stagnation,  (possibly 
a  coagulation),  of  the  tissue  fluids,  even  at  the  temperature  of  the  blood. 
(Page  206.)  He  also  reports  the  case  of  a  dog,  where  the  diagnosis 
of  posterior  polar  cataract  was  made.  In  both  eyes,  on  examination, 
the  foetal  fissures  were  found  filled  with  Morgagni^s  globules.  These, 
he  states,  one  would  not  assume  were  albuminous  globules  originating  from 
partially  destroyed  lens  fibres,  since  these  ended  in  the  well-known  man- 
ner, with  broadened  ends.  To  his  surprise,  as  far  as  the  fissures  touched  the 
capsule,  this  was  covered  with  a  beautiful  epithelium,  which  he  suggests 
might  be  an  anomaly  or  a  malformation.^' 

Enies  desciftfes  a  true  posterior  iK)lar  cataract  in  connection  with  a 
spindle  cataract.  Becker  states  that  "the  formation  of  a  true  posterior 
polar  cataract  in^man  would  undoubtedly  originate  during  the  third  period 
of  foetal  development.  Where  due  to  some  unknown  cause,  the  saggital 
fibres  of  the  second  period  remain  in  contact  with  the  capsule  and  poste- 
riorly prevent  the  new  fibres  of  the  third  period  from  coming  together 
from  opposite  directions,  and  pressing  these  saggital  fibres  toward  the  cen- 
tre, w^e  have  the  ideal  example  of  a  cataracta  polaris  posterior  vera.  Such 
a  case  has  been  anatomically  examined  by  Schimier,  and  will  be  fully  de- 
scribed along  with  the  lamellar  cataracts.    (Page  186.) 

CATARACTA  FUSIFORMIS.     SPINDLE  CATARACT. 

Associated  with  one  or  more  forms  of  axial  cataract,  a  form  of  cloudi- 
ness occurs,  which  extends  through  the  entire  length  of  the  axis  of  the  lens. 
Amnion  mentioned  tliis  form.  Pilz  '^  was  the  firsft  to  give  it  a  more  accu- 
rate description  and  name.  In  the  eye  of  a  boy  who  had  suffered  from  a 
scrofulous  conjunctival  disease,  he  found  an'  anterior  polar  cataract  about 
the  size  of  a  pin-head,  and  going  out  from  this  a  cloudiness  which  extended 
backward  exactly  in  the  axis  of  the  lens,  simulating  very  much  a  thread 
having  a  smoky  or  topaz  color. 

Whereas  the  case  of  Pilz  was  most  probably  an  acquired  form,  Becker 

7  Pathology  des  Krystallinsen  System.  Prag.   Viertelyahrschr.,  1850,  1  S.,  33. 
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observed  a  ease,  in  both  eyes  of  a  young  man,  in  which  a  complicated  con- 
genital spindle  cataract  existed.^  This  extended  from  the  posterior  sur- 
face of  the  anterior  capsule,  exactly  in  the  pole  of  the  lens,  as  a  solid,  and 
by  focal  illumination,  as  a  bluish  white,  non-transparent  process,  whioh 
gradually  widened  into  a  bluish  white,  very  dehcate  and  veil-like  transpa- 
rent bubble,  enclosing  the  innermost  portion  of  the  nucleus,  and  this,  con- 
tinuing again  beyond  the  bubble  in  the  axis  of  the  lens,  again  becomes  a 
soUd  strand,  which  finally  attached  itself  to  the  posterior  capsule.  Within 
this  transparent  bubble,  separated  from  it  by  transparent  lens  substance, 
was  a  characteristic  cataracta  centralis. 

Previously,  E.  Mueller  had  illustrated  and  described  cases  in  which 
both  spindle  cataract  and  zonular  cataract  were  present  at  the  same  time. 
He  observed  a  case  where  three  sisters,  the  m^ttrei*  of  whom  likewise  had  a 
very  high  degree,  of  reduced  vision,  had  zonular  cataract^  and  in  three  eyes 
there  was  also  a  spindle  cataract  present.  The  second  eye  of  the  youngest 
also  had  a  posterior  polar  cataract  which  he  attributed  to  an  obliterated 
central  arter}^ 

It  is  characteristic  to  find  a  central  cataract  fused  with  an  anterior  and 
posterior  polar  cataract,  as  in  the  case  described  above.  At  times,  in  con- 
nection with  the  globular  cloudiness,  there  may  be  a  number  of  cloudy 
lamellae  situated  more  peripherically.  Knies  has  d-escribed  the  spindle 
cataracts  with  especial  care,  and  it  is  interesting  to  note  that  in  the  mother 
of  the  children  who  had  this  affection  he  found  incomplete  zonular  cataract 
on  both  eyes,  whereas  the  father  had  become  blind  as  the  result  of  consecu- 
iive  cataract,  (Right  eye,  cataracta  tremula;  left,  cataracta  accreta). 
Since  the  eyes  which  have  been  examined  show  no  signs  of  foetal  disease, 
the  f^nomaly  can  only  be  ascribed  to  an  anomaly  in  the  development  of  the 
lens.  Above  all,  heredity  seems  to  favor  this  view.  Cases  in  which  the 
spindle-formed  cloudiness  gradually  goes  over  into  a  central  cataract  are 
explainable  on  the  theory,  that  at  the  time  when  the  concentric  arrange- 
ment of  the  lamellae  begins  (third  period  of  development)  the  product  of 
the  second  period  (which  does  not  clear  up,  or  which  possibly  only  later 
on  becomes  cloudy)  remains  adherent  to  both  poles  of  the  lens  capsule, 
so  that  it  becomes  impossible  for  the  new  lens  fibres  to  come  in  apposition 
at  the  anterior  and  posterior  pole,  but  remain  separated  by  this  cloudy 
strand. 

Leber  has  described  a  spindle  cataract^  which  he  produced  experiment- 
ally by  injuring  the  capsule  of  the  lens.^  His  investigations  corroborate 
to  a  certain  degree  Knies'  views  in  reference  to  its  formation. 

8  Berlehte  der  Wiener  Augenklinik.  S.  9$I0. 

9  Kemstaarartige  Trubung  der  Linse  nach  Verletzung  ihre  Kapsel  nebst 
Bemerkungen  uber  die  Entsteliung  des  Stationaren  Kern  und  Schihtstaar*s 
Uberhaupt.   Arch.  f.  Optli.,  Bd.  XXVI,  1,  p.  286-289. 
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LA^IELLAR  CATARACT.  (  ATARACTA  PERI  NUOLRARIS. 
CATARACTA  ZONULARIS. 

Ed.  Yon  Yager  ^^  presented  to  ns  the  topographical  relations  of  a 
variety  of  forms  of  stationary  cataract,  which,  though  known  hefore  his 
time,  were  explained  by  him  in  a  different  manner,  lie  observed  a  uniform 
cloudiness  of  several  isolated  lamellae  of  the  lens,  which  at  a  certain  dis- 
tance therefrom  surrounded  the  centre  of  the  lens;  and  these  lajnellae 
were  surrounded,  both  without  and  within,  by  transparent  lens  substance. 
"It  had  the  appearance  of  a  bright  grey,  almost  transparent,  accurately 
bounded  cloudiness  of  the  lens,  of  exactly  uniform  size,  and  rounded  off  at 
the  edges,  having  a  thickness  of  from  ]J  to  'V'  in  the  midst  of -jin  otherwise 
normal  lens  system,  and  a])j)eitred  according  to  its  forin  and  character 
like  a  very  faintly  saturated,  uniformly  (*louded  cortical  cataract,  of  a  lens 
system  of  about  1^  to  2''  in  size.*'  The  examination  of  extracted  cataracts 
bore  out  liis  observations. 

The  following  year,  Von  Graefe  "  wrote  a  juore  t»xact,  and,  at  the 
same  time,  an  almost  exhaustive  treatise.  He  pointed  out  the  fact  that 
lamellar  caiaracf,  as  it  is  n-ow  known,  is,  of  all  the  vai'ieties  of  cataract,  the 
one  which  develoi)s  most  frecjuently  in  childhood.  Since  th^t  time,  the 
number  of  observers  of  lamellar  cataract  has  greatly  increased,  so  that  we 
are  now  in  a  position  to  divide  them  into  three  classes.^^ 

After  the  use  of  atropine,  one  observes  behind  the  pu|>il,  a  faintly  sat- 
urated cloudiness,  which  lias  a  sharply  defined  line  of  demarcation  from  the 
adjacent  transparent  })eri))heral  lens  substance,  and  has  a  diajueter  varying 
from  5  to  8  mm.  'J'he  tlegree  of  saturation  of  this  cloudiness  gradually 
diminishes  as  it  proceeds  toward  the  centre  of  the  lens.  By  this  means  the 
zonular  cataract  is  most  markedly  ditferentiated  from  a  nuclear  cataract. 
In  the  latter,  the  cloudiness  becomes  more  saturateil  as  it  proceeds  toward 
the  centre.  On  o])thalmoscopic  examination,  the  entire  cloudiness  gives 
a  dark  reflex  and  is  sharply  defined;  whereas,  on  focal  illumination,  it  ap- 
pears grey,  and  the  centre  of  the  lens  gives  a  brownish  red  reflex.  The 
cloudiness  is  not  equally  diffuse  in  all  cases,  and  made  up  of  scarcely  rec- 
ognizable punctate  o])acities:  but  there  may  be  two  lamellae,  one  in  front 
of,  the  other  behind  the  nucleus,  made  up  of  a  variable  nuinber  of  radially 
placed  cloudy  striations.   Tender  such  conditions,  the  lamellar  cataract  bears 
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a  very  close  resemblance  to  some  forms  of  incipient  senile  cataract,  only  in 
the  latter  these  radially  placed  striations  are  more  peripheric.  But  since 
transparent  lens  substance  is  found  between  these  striations,  they  j)ermit 
of  a  clear  insight  into  the  formation  of  this  variety  of  cataract.  One  is 
enabled  to  see  through  the  anterior  convex  cloudiness  into  the  concave 
side  of  the  cataract  behind  the  nucleus. 

The  number  of  lamellae  involved  and  the  density  of  the  opacity  may 
var}',  so  that  one  may  meet  with  all  gradations,  from  the  scarcely  recog- 
nizable smoky  cloudiness  to  the  complete  opacity. 

This  latter  form  was  first  iUuRtrnted  by  Von  Ammon.is  and  also  described 
by  Wernek.i3«  Arlt  descrllied  this  as  a  form  of  stationary  nuclear  cataracts  of 
youth.14  Von  Graefe  was  the  first  to  apply  V.  Yager's  anatomical  data  to  Arlfs 
stationary  nm  lear  cataract,  and  since  then  the  exl.>tence  of  a  stationary  holid  nu- 
clear cloudiness  has  been  described.  So  that  even  Tetzer's  compendium  of  Arlt's 
Aegide.  places  these  two  forms  together.  Only  Hasuer  still  contended  that  an 
independent  stationary  nuclear  form  could  occur.  Becker  draws  attention  to 
the  fact  that  the  density  of  the  cloudiness  may  l)e  so  great  as  to  make  It  im- 
possible to  decide  whether  or  not  transparent  lens  substance  Is  enclosed  In  the 
center  of  the  lens.  This  has  since  l>een  shown  to  be  true,  as  the  result  of  the 
anatomical  pathological  investigations  of  Schirmer,  presently  to  be  quoted. 

Von  Graefe,  Slchel  and  Kd.  Muller  were  the  first  to  describe  a  doithle  lameUar 
cataract,  the  last  named  even  a  triple  one.  It  is  seldom  observed  fully  formed. 
It  can  only  be  diagnosticated,  when  the  outer  cloudy  lamella  is  still  transparent. 
Frequently,  however,  w«*  observe  how  around  a  well  developed  lamellar  cata- 
ract, a  second  one  Is  beginning  to  develop.  The  latter  is  evidenced  by  the  fact 
that  between  the  lamellar  cataract  and  the  equator  of  the  lens,  we  find  isolated, 
delicate,  fork-like,  cloudy  striations  lieginuing  to  penetrate  the  anterior  and  pos- 
terior cortical  substance.  On  focal  illumination,  one  observes  that  these  fork- 
like striations  seem  to  ride  on  the  lamellar  cataract;  hence  they  have  also  re- 
ceived the  name  of  "Riders.**  Such  partially  cloudy,  more  peripherlcally  situ- 
ated, lamellae  may  likewise  remain  stationary  in  this  condition. 

Liebreieh  has  illustrated  such  a  case.  These  riders,  however,  only  appear 
later  on,  and  are  significant,  in  that  they  foretell  that  the  stationary  cataract 
l8  about  to  become  a  total  one. 

Finally,  Liebreieh  drew  attention  to  the  fact,  that  the  lens  is  less  de- 
veloped in  volume  in  cases  of  lamellar  cataract. 

I>araellar  cataract  nearly  always  occurs  simultaniH)usly  in  both  eyes. 
Where  trauma  leads  to  the  development  of  lamellar  cataract  on  one  eye, 
this  is  not  the  case.    Becker  states  that  a  case  of  monolateral  lamellar  cat- 
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aract,  the  other  eye  remaining  perfectly  normal,  has  never  been  observed. 
Schirmer  ^^  reports  a  case  which  is  especially  interesting,  since  the  cataract 
was  only  present  on  one  eye;  further,  while  under  observation,  the  cloudi- 
ness of  the  inner  zone  increased,  the  originally  transparent  zonular  cataract 
being  changed  to  an  opaque  one,  {^^nuchar  cataracV^),  and  because  there 
could  be  no  doubt  as  to  the  late  development  of  the  outer  cataractous  zone, 
this  having  developed  after  the  seventh  year,  and  while  under  observation. 
The  originally  healthy  eye  remained  so. 

Schirmer's  C<i8e  No,  T.—  Case  Report,  Helnrleh  Ernst,  aged  14  years,  was  first 
seen  in  this  clinic  in  his  seventh  year,  October  14,  1884.  At  that  time  the  diag- 
nosis of  zonular  cataract  on  his  right  eye  w^as  made.  This  was  of  moderate  size, 
sharply  defined,  and  permitted  the  transmission  of  light  through  the  center. 
A"^— fingers  at  1  mm.  The  left  eye  was  not  cataractous.  In  early  life  the  patient 
had  suffered  from  rachitis,  and  at  the  time  changes  could  be  observed  in  the 
cartilaginous  portions  of  the  ribs;  also  the  chsracteristic  anamoUes  of  the  teeth. 
An  iridectomy  was  made  downward  and  inward.   Vision  was  not  improved. 

The  boy  was  seen  again  June  7,  1891.  There  is  still  present  on  the  one  eye 
a  double  zonular  cataract,  the  inner  of  which  is  totally  opaque,  and  according 
to  the  usual  nomenclature  this  would  be  designated  as  a  nuclear  cataract.  The 
lens  is  moderately  shrunlcen.  The  outer  not  very  opaque  zonular  cataract  has 
a  diameter  of  about  7^2  mm.;  the  inner  at  4%  mm.  Both  are  sharply  defined, 
but  their  contours  are  not  perfectly  circular,  but  more  or  less  wavy  or  protrud- 
ing. July  8,  1891.  Extraction  was  made  through  the  old  coloboma,  after  a  piece 
of  the  capsule  had  been  extracted.  On  exerting  but  slight  pressure  almost  the 
entire  lens  was  successfully  extracted  without  the  loss  of  vitreous. 

The  cataract,  which  was  extremely  soft,  was  carefully  cut  in  halves,  and 
the  one  half  at  once  placed  in  a  00  per  cent,  alcohol  solution;  the  other  half  was 
examined  In  the  fresh  state.  On  transverse  section  one  at  once  recognized  the 
cloudy  rings,  and  that  which  is  still  more  Important,  is  that  one  sees  at  a 
glance  the  center  of  the  lens  is  perfectly  clear  and  transparent  Hence,  this 
is  not  a  nuclear  cataract,  notwithstanding  the  opaque  condition  of  the  inner 
zone.  In  the  fresh  sections  one  finds  the  droplets  between  the  fibres,  the  num- 
ber and  size  varying,  according  to  tlie  location  from  which  the  section  is  made. 
They  are  very  numerous  in  particles  taken  from  the  cloudy  zone,  very  few  in 
the  transparent  zone  between  the  two  cloudy  zones,  and  still  less  so  in  the 
nucleus. 

The  fibres  are  everywhere  smooth,  and  In  places  where  there  are  many 
droplets  they  are  wavy  and  swollen,  but  nowhere  are  they  serrated. 

The  hardened  portion  was  cut  in  sections.  Thick  sections  show  the  two 
cloudy  zones  very  distinctly,  with  the  transparent  interspace  between  them, 
also  the  clear  nucleus.  Under  the  microscope  one  finds  both  made  up  of  numer- 
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008  minute  drops  lying  between  the  fibres,  and  these  are  markedly  more  numer- 
ous and  smaller  in  the  inner  zone,  0.0015  to  0.003  mm.,  whereas  in  the  outer 
zone,  t£ey  range  from  0.006  to  0.003  mm.  Bxtemally  the  rings  are  sharply  de- 
fined, whereas  inward  the  numl)er  of  drops  is  markedly  decreased.  The  char- 
acteristic changes  are  noted  to  a  less  degree  in  the  nucleus  in  the  zone  between 
the  two  zonular  cataracts,  they  are  somewhat  more  numerous. 

Schirmer  reports  a  similar  case,  which,  owing  to  the  rarity  of  this  con- 
dition, likewise  deserves  mention. 

Case  No.  YI.  Anna  Durch,  aged  17  years,  presented  herself  at  the  clinic 
with  a  double  zonular  cataract  in  the  right  eye.  The  outer  zone  was  ex- 
tremely delicate  and  transparent  but  showed  no  defect  at  any  point.  This 
surrounds  very  closely  a  large  disc  6  mm.  in  diameter,  which  is  totally  opaque. 
The  patient  had  had  convulsions  in  childhood,  and  her  teeth  showed  the  anam- 
olies  described  by  Homer.  The  clinic  records  show  that  this  patient  had  been 
examined  twelve  years  previously,  and  the  diagnosis  reads:  ** Simple  zonular 
cataract.'^  At  that  time  a  discission  was  done  on  the  left  eye,  and  at  present  a 
delicate  secondary  cataract  exists. 

In  this  same  paper,  Schirmer  reports  another  ease  equally  important, 
because  it  throws  light  on  the  aetiology,  not  only  of  central  cataract,  hut 
also  of  true  posterior  polar  cataract;  the  conditions  present  coinciding  en- 
tirely with  those  described  by  Arlt^*  and  Tetzer^"^  as  the  usual  ones  for 
the  formation  of  a  central  cataract;  namely,  associated  with  congenital 
anomalies — ^in  this  case,  a  micropthalmus. 

The  anatomical  basis  for  the  nuclear  cloudiness  consisted  of  fine  drops 
which  so  completely  filled  the  centre  of  the  lens,  that  the  cloudiness  of  the 
fibres  could  be  made  out  with  difficulty.  "They  are  equally  dispersed 
throughout  the  cloudy  area;  external  to  this,  they  suddenly  cease  to  ap- 
pear. The  fibres  are  greatly  changed  and  transformed  in  the  most  pe- 
culiar manner.  The  physiological  changes  which  one  would  expect  to  find 
in  a  patient  51  years  of  age  did  not  appear.  The  minute  droplets  are  ar- 
i-anged  as  described  in  previous  cases,  only  in  this  case,  owing  to  the  push- 
ing aside  of  the  central  cloudiness,  they  follow  a  somewhat  irregular  course. 
The  interspace  between  this  zone  and  the  central  cloudiness  shows  but 
slight  changes.  Hence  here  we  find  enclosed  in  a  zonular  cataract  a  nuclear 
cataract,  an  intense  equally  diffuse  cloudiness  of  the  centre  of  the  lens,  the 
anatomical  construction  of  which  is  analogous  to  the  changes  noted  in  the 
cataractous  zone  of  a  zonular  cataract. 

Notwithstanding  the  peculiar  position  of  the  cloudiness,  this  is  a  cen- 
tral cataract.    Anatomical  examination  showed  that  the  oldest  lamellae  of 
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the  lens  were  aifected  by  tlie  eataractous  process,  and  its  adherence  to  the 
posterior  capsule  explains  its  dislocation  posteriori}'.  This  process  is  anal- 
ogous to  the  one  found  in  spindle  cataracts,  and  this  latter  form  is  found 
associated  with  zonular  cataract.  In  this  case  the  abnormal  adhesions  did 
not  lead  to  a  drawing  out  of  this  to  a  thread,  since  this  adhesion  only  ex- 
isted at  the  posterior  capsule;  hence,  as  the  leaves  of  the  capsule  continued 
to  separate  fartlier  and  farther  from  each  other,  there  was  not  sufficient 
tension  exerted,  and  tlie  posterior  ends  of  the  fibres,  which  should  have 
pushed  themselves  in  between  the  posterior  and  the  central  cataract,  were 
apparently  not  strong  enough  to  stretdi  this  adhe^aion,  which  seems  to  be 
a  possibility  wliere  the  adhesion  is  narrower,  as  shown  by  Knies.** 

SchiriHvr^H  iUiHv  Ao.  JT.  Oeorjfe  Xaujoks,  TA\  y(*ars  of  ajce,  lx)rn  of  healthy 
parents:  all  of  his  brothers  and  sisters,  except  a  stepsister,  died  in  early  child- 
hood of  diseases  unknown  to  him.  This  sister,  since  early  childboodf  can  only 
see  objects  Avhich  are  in  ch)se  proximity.  WlM>^i«^TtTls  fs  due  to  myopia  or 
lnterferen<'e  iu  the  refrnctinK  me<lia,  am  unable  to  learn. 

Patient  states  that  he  never  had  convulsions.  Since  early  childhood  he  has 
only  seen  sufficiently  to  f;rope  his  way  about.  In  his  twentieth  year  Iridectomy 
was  done  on  both  his  eyes,  and  vision  was  thus  somewhat  Improved.  The 
left  eye  remaine<l  in  this  cimditlon  for  many  years,  and  only  lately  has  vision 
diminished.    Several  years  after  the  operation  the  right  eye  became  totally  blind. 

March  10,  l<sni.  Active  horizontal  nystafsrnius  on  both  eyes;  pronounced  ml- 
cropthalnius.  Ri^ht  eye.  artificial  coloboma.  downward  and  inward,  in  the 
middle  of  which  one  can  see  tlie  edge  of  the  shrunken  lens.  Left  eye.  the 
cortical  substance  is  totally  transparent,  with,  the  exception  of  a  delicate  cloudi- 
ness dowuAvard  and  inward.  One  can  easily  discern  a  ventral  ctMidinesa  of  the 
letiHj  which  appears  to  l>e  markedly  posterior  to  the  plane  of  the  iris.  This  can 
be  separated  into  a  central  yellowish  white  small  jwrtion.  surroimded  by  a 
3  mm.  In  size  whitish  lamella.  whi<'h  everywhere  surrounds  the  edge-  of  the 
internal  cloudy  portion.  Both  are  sharply  defined;  their  contours  are  not  en- 
tirely circular,  but  here  and  there  show  slight  projections.  No  distinct  pictures 
of  the  fundus  can  be  obtained,  though  a  red  reflex  of  the  fundus  can  be  ol>- 
talned  through  the  periphery  of  the  lens.  There  is  also  a  very  delicate  diffuse 
cloudiness  of  the  cornea.   V.— ttngers  at  2Vj  meters. 

Right  eye.  Conditions  alnuU  the  s:ime,  witli  absolute  amaurosis,  subsequent 
to  a  very  active  chorio-retinltis. 

May  22,  1891.  Left  Eye.  A  discision  Avas  done.  Very  slight  tumescenes 
and  slow  cloudiness  of  the  cortical  layers  followed.  Since  in  the  course  of  a  few 
weeks  this  did  not  progress,  but  began  rather  to  clear  up  again,  an  extraction 
was  made  through  the  old  coloboma.  .Tune  30.  1891.     After  extracting  a  large 
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piece  of  the  capsule,  the  spoon  was  introduced,  and  the  cloudy  nucleus,  together 
with  the  cortex,  removed;  and  the  remains  largely  removed  by  massage.  By 
June  18,  1891,  the  cortical  remains  were  totally  resorbed,  so  that  the  pupillary 
area  was  perfectly  free  back  to  the  posterior  capsule.  On  this  could  be 
seen  distinctly,  centrally  located  and  Intensely  Avlilte,  a  small  posterior  <Mipsular 
cataract,  which  had  b*»en  observed  shortly  subsequent  to  the  extraction;  lilie- 
wise,  the  two  flaps  which  lie  closely  to  the  coloboma  apiwur  greyish  wliite. 
Vision' with  +  12  L),  Angers  at  three  meters.  This  tliiclcening  of  tlie  capsule 
was  extracted  with  but  slight  loss  of  vitreous. 

July  15,  1891.  Course  of  healing  normal.  Jjarge,  clear  space  in  the  pupil- 
lary area.  The  <*apsule  was  examined  in  its  fresh  state  under  the  microscope, 
»nd  disclosed  a  wide-reaching,  capsular  cataract,  in  which  was  found  a  large 
ipiantity  of  pigment  granules.  At  one  <*lr<*ular.  circumscript  spot,  on  top  of 
this,  is  found  a  <*onglomeration  of  most  peculiar,  short  cylindrical  structures, 
which  are  irregularly  placed  one  over  the  other.  They  remind  one  of  greatly 
thickened  lens  flbres,  which  contain  large  uumlH'rs  of  small  and  large  albumi- 
nous drops,  and  then  attain  most  irregular  contours.  This  circumscript  condi- 
tion and  microscopical  appearance  corresponds  iM)steriorly  to  the  one 
noted  in  vivo  as  a  white  central  cloudiness.  Hence  the  belief  that  this  pe- 
culiar formation  Is  the  remains  of  the  center  of  the  lens,  which,  as  the  exami- 
nation will  show,  was  adherent  to  the  posterior  capsule  of  the  lens,  and  re- 
mained adherent  to  it  at  the  time  of  the  extraction,  and  assumed  this  peculiar 
change  as  a  result  of  its  contact  with  the  aqueous.  The  capsule  was  stained, 
imbedded,  and  cut  into  sections.  Sagittal  sections  showed  that  b<»tween  the 
above  spoken  of  remains  and  the  capsule,  true  uou-|>igmented  capsular  cata- 
ract tissue  existed.  The  two  flaps  likewise  contaInc<l  capsular  cataracts,  and 
the  pigment  undoubtedly  was  derived  from  the  iris.  From  this  it  follows  that 
the  pigment  only  entered  subsequent  to  the  extraction. 

The  exti'ftcted  lens  was  cut  in  half  In  the  fresh  state:  on  section  it  disclosed 
an  almost  glolmlar,  intense  cloudiness,  1VL>  mm.  wide  and  1  mm.  thick,  which 
borders  posteriorly  at  the  posterior  pole,  at  the  point  where  the  piece  of  cap- 
sule was  extracted.  It  gives  one  the  impression  as  though  the  nucleus  had 
been  forcibly  pressed  backward.  This  cloudiness  is  further  surrounded  by  a 
second  cloudy  zone,  which  anteriorly  is  separated  from  the  former  by  a  trans- 
parent zone,  whereas  laterally  it  Is  directly  in  contact  with,  and  posteriorly 
entirely  wanting. 

The  other  portion  was  imbedded  an<l  cut  into  sections.  The  microscopical 
examination  offers  the  same  explanation  for  the  striking  p<isition  of  tlie  central 
cataract.  In  fa<'t,  the  entire  nucleus  has  been  dislocated  i>osterlorly.  The 
anterior  cortical  layers  are  especially  thick,  whereas  posteriorly  they  are  very 
thin,  and  cease  at  a  certain  distance  from  the  posterior  pole,  so  that  at  that 
point  the  nucleus  lies  entirely  free.  The  study  of  the  equatorial  region,  where 
the  flbres  turn,  is  esijeclally  instructive  and  conclusive  for  this  condition.  The 
fibres  do  not  lie  as  in  th^  normal  lens,  in  a  plane  which  is  slightly  bent  back- 
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ward,  but  they  ouly  follow  their  normal  position  in  the  periphery;  the  older 
the  fibres  the  more  centrally  they  lie,  and  the  farther  back  their  point  of  bend- 
ing Is  placed,  and  finally  they  border  on  tlio  equator  of  the  nudeys.  A  plane 
drawn  through  all  the  points  of  curvature  would  assume  posteriorly  a  very  de- 
cided funnel-shape,  facing  posteriorly,  as  though  the  nucleus  had  been  exerting 
traction  backward.  As  has  already  been  stated,  the  posterior  surface  of  the 
nucleus  is  centrally  perfectly  free,  simply  covered  by  an  albuminous  film,  and 
here  the  fibres  have  not  the  concentric  arrangement,  but  are  arranged  vertically 
or  almost  so,  and  are  torn  in  a  Jagged  line,  along  which  are  numerous  sharp 
points.  This  in  connection  with  the  posterior  polar  cataract,  gives  us  the  ex- 
planation for  the  position  of  the  nucleus.  Thei-e  ira«  an  adhesion  hettceen  the 
oldest  fibres  and  the  posterior  capsule  of  the  lens,  which  at  this  point  held  the  m^ 
cleus  fast  J  and  offered  an  insurmountable  obstacle  to  new  forming  lamellae^  so  that 
these  could  develop  normally  only  in  the  anterior  half  of  the  lens, 

Otlierwise,  the  examination  disclosed  nothing  other  than  has  already  been 
observed  in  teased  sections.  The  annular  cataract  shows  the  same  small  drop- 
lets coalescing  to  form  larger  ones  in  the  interspaces.  The  apparently  clear 
zone  between  the  cloudy  zone  and  the  central  cloudiness,  likewise  shows  sim- 
ilar formations.  The  outer  cortical  lamellae  are  normal  in  appearance,  the 
inner  show  signs  of  advancing  age.  Where  the  discission  had  been  done  the 
fibres  show  signs  of  disintegration. 

The  amount  of  vision  depends  on  the  density  of  the  cloudiness,  and  the 
equatorial  diameter  of  the  cloudy  lamellae.  It  may  occur  that  children 
with  double  lamellar  cataract  may  go  through  school  without  suffering  any 
material  interference  during  their  entire  school  life.  Becker  operated  a 
married  woman,  in  whom  a  lamellar  cafaract  had  become  progressive,  and 
a  man  24  years  of  age  was  taken  up  in  the  clinic  for  the  same  reason.  The 
rule,  however,  is  that  the  defect  becomes  noticeable  when  the  studies  begin 
to  make  greater  demands  on  the  eye.  Hence  most  cataracts  come  under  ob- 
servation between  the  tenth  and  twelfth  year.  If  the  cloudy  lamellae  are 
very  centrally  located,  hence  especially  small,  the  eye,  where  there  is  a 
moderately  wide  pupil,  can  see  past  the  cataract,  and  the  degree  of  vision 
may  be  relatively  high.  Becker  very  carefully  examined  a  series  of  such 
cases,  three  at  Vienna,  and  in  all  of  them,  found  a  slight  degree  of  myopia. 
Owing  to  the  reduced  vision,  such  an  examination  offers  great  difficulties. 
Nevertheless,  eliminating  all  source  of  error  as  much  as  is  possible,  it  is  still 
possible  to  estimate  the  refraction.  On  using  atropine,  a  case  which  at  first 
was  myopic  was  found  to  be  hyperopic. 

Nearly  always,  the  condition  of  refraction  is  found  to  be  a  slight 
myopia,  and  the  width  of  accommodation  is  exceedingly  narrow. 

"With  the  exception  of  the  three  Vienna  cases  which  I  examined,  being  as- 
sisted by  Dr.  Schulek,  the  utmost  care  was  used  to  eliminate  every  source  of 
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error.  All  the  estimates  of  refraction  were  made  with  the  opthalmoscope.  As 
a  rule,  no  staphyloma  was  found  at  the  entrance  of  the  optic  nerve,  but  slight 
evidences  of  choroidal  atrophy  were  observed.  Aside  from  this  nothing?  abnormal 
was  found  In  the  fundus.  The  overwhelming  occurrence  of  slight  myopia  with- 
out the  opthalmoscopic  evidences  of  a  myopic  eye,  can  be  explained  by  the 
spherical  aberration  of  the  lens,  since  all  the  rays  of  light  which  pass  near  the 
center  of  the  lens  are  deflected." 

"Nevertheless,  the  myopia  may  be  acquired  in  the  usual  way,  since,  owing  to 
the  poor  vision,  objects  are  brought  closer  to  the  eye.  In  the  cases  examined 
vision  varied  from  ^  to  ^Vo,  and  was  lowest  in  hypermetropic  eyes.  With- 
out exception,  the  width  of  accommodation  Is  reduced  in  eyes  having  lamellar 
cataract.  This  is  not  surprising,  since  one  does  not  have  to  go  far  to  under- 
stand that  in  cataractous  lenses,  even  where  the  cataract  is  partial,  that  but 
few  eyes  are  suitable  for  the  observation  of  processes  of  accommodation,  es- 
pecially where  the  iridectomy  Is  made  for  lamellar  cataract;  hence,  the  results 
of  the  investigations  of  Coccius  19  are  to  be  critically  examined,  since  they  were 
made  on  Just- such  eyes." 

Lamellar  cataract  occurs  almost  exclusively  on  both  eyes.  This  of 
itself  seems  to  indicate  that  the  causative  element  is  present  in  the  general 
condition  of  the  patient.  This  belief  is  strengthened  by  the  fact,  that  fre- 
quently there  seems  to  be  an  hereditary  influence.  Hence  until  lately  it  re- 
mained an  undecided  question  as  to  whether  lamellar  cataract  is  congenital. 
Just  during  the  time  Becker  was  occn'pied  in  studying  this  subject,  a  child 
fifteen  weeks  old  was  brought  to  him,  which  had,  in  both  eyes,  a  small,  but 
ndt  to  be  mistaken,  lamellar  cataract,  which  the  parents  observed  the  day 
the  child  was  bom.  According  to  the  general  opinion,  however,  lamellar 
cataract  does  not  develop  until  after  birth. 

Von  Graefe  considered  it  a  fact,  that  during  the  first  years  of  life  this 
cloudiness  continued  to  increase  in  saturation,  only  later  on  to  remain  sta- 
tionary. Hence  so  many  lamellar  cataracts  are  overlooked  during  the  early 
years  of  life. 

Great  credit  should  be  given  to  Arlt,  who  was  the  first  to  formulate 
our  ideas  as  to  the  aetiology  of  lamellar  cataracts,  and  he  was  the  first  to 
direct  our  attention  to  the  frequent  occurrence  of  lamellar  cataract  in  in- 
dividuals who  had  suflFered  from  convulsions  in  infancy.  Homer  also  noted 
this  fact,  but  added,  that  many  also  suffered  from  deformities  of  the  teeth, 
of  the  cranial  bones,  and  were  mentally  weak.  In  the  6»5  cases  recorded  by 
Arlt  and  Homer,  in  48  cases  the  coincidence  of  lamellar  cataract  and  con- 
vulsions were  noted.  Homer's  36  cases  showed  deformities  of  the  teeth 
in  25  cases,  in  16  cases  anomalies  of  the  cranial  bones,  and  4  were  mentally 


i9Der  Mechanis  mus  der  Accommodation  des  Menschlichen  Auges.    Leip- 
slg,  186a 


190 

deficient.  In  1883  Max  von  Aix^o  reported  189  cases  of  zonular  cataract, 
observed  between  1805  and  1883,  in  the  private  clinic  of  Prof.  Homer.  Of 
these,  107  (56.61  per  cent.)  had  had  convulsions  in  earliest  youth;  111, 
(66.07  per  cent.)  which  in  1865  were  designated  as  having  rachitic  teeth , 
60  (31.76  ])er  cent.)  showed  malformations  of  the  bones  of  the  skull,  con- 
sisting of  more  or  less  assymetry*,  40  (21.16  per  cent.)  showed  marked  signs 
of  rachitic  deformities  of  the  extremities.  In  152  cases  (80.42  per  cent.) 
the  patients  showed  at  least  one,  usually  two  or  more,  symptoms  of  consti- 
tutional disease,  whereas  but  37  showed  absolutely  no  signs  of  rachitis.  In 
the  entire  statistical  table,  there  is  not  a  single  case  recorded  in  which  the 
characteristic  uveal  disease,  or  interstitial  keratitis  diffusa,  was  noted;  hence 
in  all  probability  zonular  cataract  is  the  result  of  rachitis,  and  not  syphilis." 
The  cases  of  multiple  lamellar  cataract  are  not  less  important  aetio- 
logically  than  the  above,  since  they  show,  owing  to  the  presence  of  the 
cloudiness  in  more  than  one  lamella,  that  the  cause  of  the  disease  mast  be 
of  a  remittant  and  recurring  nature. 

Arlt  did  not  consider  lamellar  cataract  as  congenital,  but  imagined 
that  the  shock  which  the  eye  received  during  a  convulsion  was  sufficient 
to  cause  a  sliding  past  each  other,  as  it  were,  of  the  elements  of  the  lens, 
just  at  the  point  where  the  most  compact  and  heavy  nucleus  came  in  con- 
tact with  the  softer  and  more  delicate  cortical  substance.  This  change  in 
position  he  considered  sufficient  to  cause  a  cloudiness  of  the  lamellae  which 
lay  next  to  the  nucleus.  Becker  likewise,  basing  his  conclusions  on  Von 
Graefe's  three  cases,  where,  following  an  injury  to  the  eye,  the  lens  was 
dislocated  and  gradually  a  lamellar  cataract  devekKfLed,^and  one  of  his  own 
in  which  a  lamellar  cataract  developed  after  a  trauma,  came  to  the  con- 
clusion that  this  form  of  cataract  may  be  due  to  trauma,  as  well  as  con- 
vulsions, the  lamellae  nearest  the  capsule  being  disturbed  in  their  nutri- 
tion, and  in  consequence  of  this,  becoming  cloudy.  Then,  again,  the  occur- 
rence of  a  number  of  lamellar  cataracts  could  be  brought  in  connection 
with  the  intermittent  character  of  the  convulsions.  The  inner  lamellae 
being  the  oldest,  depending  on  the  size  of  the  cloudy  zone,  one  could  to  a 
certain  extent,  determine  at  what  time  of  life  the  convulsions  occurred. 

Homer  laid  great  weight  on  the  fact  that,  aside  from  the  convulsions, 
other  signs  of  rachitis  could  be  found.  It  was  mainly  the  result  of  his  ob- 
servation that  attention  was  first  drawn  to  the  rachitic  form  of  teeth  found 
in  these  (*ases.  Owing  to  the  great  importance  which  attaches  to  the  simul- 
taneous presence  of  this  fomi  of  teeth  and  this  form  of  cataract,  I  quote 
his  des<ription. 


20  "Zur  Pathologle  des  Schleht  Staars."   Inaug.  Dissert,  unter  Horner. 
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"On  close  examination  of  an  inciser  tooth  one  will  observe,  in  a  perfect 
specimen,  that  the  enamel  f?raclually  thins  off  toward  the  neck.  The  enamel 
is  shining  and  smooth,  and  on  focal  illumination  has  a  satiny  gloss.  This  satiny 
appearance  is  due  to  a  system  of  transverse  furrows,  which  encircle  the  crown 
of  the  tooth.  The  less  completely  a  tooth  is  formed,  the  less  this  tooth  will 
show  this  wavy  finish,  and  by  close  observation  one  can  see  that  this  is  due  to 
the  greater  distance  at  which  these  furrows  are  one  from  another.  These  fur- 
rows may  be  exceedingly  delicate,  and  so  closely  packed  together  as  to  require 
a  magnifying  glass  to  see  them;  and  again,  they  may  become  gradually  more 
distinct  and  coarser,  so  as  to  l)ecome  visible  to  an  observing  eye.  Now,  in 
rachitis  an  anomaly  presents  itself  which  is  easily  recognizable.  The  teeth 
are  plump  and  thicker.  Instead  of  the  elegant  chisel-shaped  teeth  we  find  them 
cubical  or  lU-shapen.  Nevertheless,  the  form  as  a  whole  may  resemble  the 
ideal.  The  most  interesting  feature,  however,  Is  the  departure  from  the  normal 
of  the  surface  of  the  tooth:  the  enamel  instead  of  gradually  disappearing  to- 
ward the  neck,  nearly  always  ends  suddenly  in  a  thickening.  The  above  men- 
tioned furrows  are  heaped  up  to  an  enormous  height;  sometimes  we  find,  es- 
pecially toward  the  cutting  edge,  instead  of  a  furrow,  in  the  same  place,  a  row 
of  round  holes,  as  though  they  had  been  gouged  out  with  an  awl.  Toward  the 
cutting  edge  the  body  of  the  tooth  terminates  with  a  convex  edge.  The  union 
of  the  linfpial  and  the  labial  plates  of  enamel  are  Joined  over  the  body  of  the 
tooth  in  irregular  or  Jagged  lamellae.  In  extreme  cases,  at  some  points,  the 
enamel  may  be  entirely  wanting,  and  mostly  in  such  a  manner  that  the  base 
of  the  denuded  spot  coincides  with  a  very  large  transverse  furrow:  while  in 
other  places  it  is  heaped  up  wave:like:  whereas  again,  at  the  cutting  edge,  it 
seems  to  l>e  washed  away.  The  denuded  bone  of  the  tooth  then,  as  the  result 
of  the  action  of  the  damp  warm  air  In  the  mouth,  turns  brown,  in  striking  con- 
trast to  the  white  enamel.  Only  individual  teeth  s^em  to  suflfer  in  a  character- 
istic manner  from  this  anamoly,  and  the.se  seem  to  be  affected  only  to  a  certain 
degree. 

''In  contradistinction  to  this  anamoly  stands  the  one  due  to  hereditary  syph- 
ilis, and  which  occurs  almost  exclusively  on  the  upper  incisors,  and  appears 
even  in  the  permanent  teeth. 

"The  upper  teeth  are  short,  narrow,  their  angles  rounded  off,  and  their 
edges  exhibiting  a  broad,  shallow  notch,  irsually  one  or  two  teeth  converge 
toward  each  other;  in  other  cases  'they  stand  apart  w^itli  an  interspace,  or  they 
diverge.  The  simple  broad  notch  of  greater  or  less  degree  of  depth,  is  hardly 
ever  wanting.  The  teeth  are  almost  always  of  bad  color.  They  may,  however. 
In  some  instances,  be  of  very  fair  whiteness.  On  looking  carefully  at  the  sur- 
face of  the  notch,  there  is  almost  always  the  evidence  of  wearing:  that  is.  the 
enamel  is  not  perfect  in  the  scooped  out  border  of  the  tooth."  21  Hence,  these 
teeth  seem  to  be  wanting  in  Just  the  most  characteristic  point  in  diflTerential 


21  Hutchinson-Trans.  of  Pathological  Society  of  I-A)ndon.  Vol.  X.  p.  2U4. 
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dia^Dosis,  for  in  rachitic  teeth  we  find  the  heaping  up  and  ridge-like  formation* 
and  In  places  the  total  absence  of  the  enamel.  This  enamel,  like  the  lens,  i9  of 
epithelial  origin,  and  it  must  certainly  appear  as  an  astonishing  fact  that  iMth 
should  show  a  zonular  ahnorniality. 

Previous  to  this  time,  11.  Schmidt  had  drawn  attention  to  the  fact, 
that  in  youthful  individuals,  in  affections  of  the  teeth  in  which  there  was 
irritation  of  the  alveolar  branches  of  the  trigeminus,  not  infrequently  the 
near  point  became  further  removed  and  the  width  of  accommodation  nar- 
rowed. He  looked  upon  this  as  due  to  a  reflex  increase  of  intraocular  ten- 
sion. Lately,  he  has  attempted  to  explain  lamellar  cataract  by  referring 
to  an  interference  with  the  nutrition  of  the  lens  system,  due  to  teething, 
and  he  also  pointed  out  the  fact,  that  during  the  progress  of  glaucoma, 
opacities  invariably  develop  in  the  lens.  He  considered  himself  justified 
in  drawing  the  following  conclusions;  namely,  that  the  branches  of  the 
alveolar  nerves  reflexly  interfere  with  the  processes  of  nutrition  in  the 
eye  during  the  time  of  teething,  and  in  some  individuals  this  interference 
may  lead  to  the  formation  of  cloudiness  of  some  of  the  lamellae.  Thus 
Schmidt  attempts  to  connect  the  formation  of  lamellar  cataract  with  the 
development  of  the  teeth. 

In  reference  to  this  matter,  the  investigations  of  Arnold  have  led  to 
a  most  surprising  discover}',  and  supported  in  a  most  unexpected  manner 
the  views  held  by  Horner;  proving  that  the  simultaneous  occurrence  of 
lamellar  cataract  and  rachitic  tooth  formation  is  something  more  than  a 
coincidence.  Both  abnonnalities  have  a  common  cause — ricketts;  and  it 
can  be  no  longer  a  matter  of  surprise  that  other  sequelae  of  this  disease, 
such  as  abnormalities  in  the  formation  of  cranial  bones,  convulsions,  etc., 
occur  in  the  cases  in  which  we  find  lamellar  cataract.  Further,  we  will  no 
longer  consider  convulsions  as  a  necessary  step  between  ricketts  and 
lamellar  cataract.  It  is  also  worth  noting,  that  the  time  of  the  development 
of  the  enamel  of  the  second,  or  permanent,  teeth  is  coincident  with  the 
formation  of  those  layers  of  the  lens  which  become  cloudy  where  lamellar 
cataract  forms.  The  permanent  teeth  alread  exist,  fully  formed  at  birth, 
and  gain  continuously  during  the  next  few  years  their  later  shape.  There- 
fore, during  the  time  of  their  greatest  development,  they  are  exposed  to 
the  action  of  the  same  noxious  influence. 

Up  to  1888,  Horner's  theory,  which  was  coincided  in  by  Leber,^  was 
in  vogue.    At  that  time,  Beselin  ^  published  the  results  of  his  microscop- 


22  "Kernstar-artige  Trubung  der  Linse  nach  Verletzung  ihre  Kapsel,"  etc. 
Graefe  Arch.,  XXVI,  B.  1.  p.  283,  1880. 

23  "Ein  Pall  von  extrahirtern  und  microseopisch  untersuchtern  Schichstaar 
einer  Erwachsenen."   Arch,  fnr  Augenh.,  Bd.  XVIII,  p.  71,  1888. 
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ical-anatomicai-pathological  examination  of  a  case  of  lamellar  cataract^  in 
which  he  claimed  that  it  was  formed  just  as  in  the  senile  cataract.  He 
states  that  he  not  only  found  fine  continuous  splits  between  nucleus  and 
cortex,  which  he  considered  the  anatomical  substratum  of  lamellar  cata- 
ract, but  also  changes  in  the  nucleus,  which  was  filled  with  a  great  number 
of  minute  splits  and  interspaces,  all  of  which  were  filled  with  granular  mat- 
ter. Though  he  considered  the  changes  in  the  nucleus  of  post  mortem 
origin — whereas  he  looked  upon  the  large  concentric  splits  as  having  oc- 
curred during  life — from  this  he  believes  that  he  can  positively  conclude  thai 
they  are  due  to  the  chemical  change  of  the  nucleus  which  leads  to  its  more 
active  shrinkage.  The  new-formed  outer  lamellae  can  not  follow  the  con- 
tracting nucleus,  but  separate  from  this,  hence  the  development  of  the 
interspaces  between  the  two — and  these  interspaces  are  the  expression  of 
what  is  known  as  zonular  cataract. 

The  essentially  new  part  of  Beselin's  theor}'  is  the  assumption,  that 
the  detrimental  cause,  at  the  time  it  is  exerting  its  influence,  affects  a 
fully  formed  lens;  and,  secondly,  that  the  cloudy  zone  is  not  the  imme- 
diate result  of  the  detrimental  cause  nor  produced  at  the  time  of  its  action, 
but  only  follows  later  on,  as  the  result  of  the  shrinkage  of  the  nucleus. 
This  is  not  in  keeping  with  Deutschman's  statements,^*  who  found  the 
nucleus  unchanged,  and  who  likewise  coincided  with  Homer's  theory. 
Lawford,*^  who  examined  three  cases,  Ukewise  states  that  he  found  the 
nucleus  changed  and  found  splits  and  interspaces.  He  does  not  state  that 
he  agrees  with  Beselin's  theory,  but  states  that  he  looks  upon  the  forma- 
tion of  fine  splits  running  concentrically  to  the  surface  of  the  lens,  and 
between  the  nucleus  and  cortex,  as  the  cause  of  lamellar  cataract. 

As  the  result  of  his  examinations,  Schirmer  ^  states  that  in  four  cases 
which  he  examined  he  found  three  constant  conditions:  First,  a  totally,  or 
almost  totally,  normal  cortical  substance;  second,  beneath  this,  what 
microscopically  appeared  as  a  cloudy  ring  running  parallel  to  the  surface 
of  the  lens,  a  layer  of  compactly  arranged  minute  interspaces,  and,  finally, 
similar,  but  larger  and  less  frequently  distributed  interspaces  throughout 
the  nucleus.  Microscopically,  a  sharp  line  of  demarcation  did  not  exist, 
but  the  transition  from  the  large  to  the  minute  interspaces  is  quite  rapid. 

In  this  work  of  Schirmer's  and  the  one  quoted  above,  and  from  which 

« **Pftthologi8cbe  Anatomische  Untersuchimgen  elnes  Menschlichen  Schlcht- 
Btaars."   V.  Graefe's  Arch.,  XXXII,  B.  2,  p.  295,  1886. 

26  On  the  Pathological  Anatomy  of  Lamellar  Cataract  or  Zonula.  Royal 
London  Hospital  Reports,  Vol.  XII,  Part  II,  p.  184.  1888. 

26"Zur  Pathologischen  Anatomie  und  Pathogenese  des  Schichtstaars.*' 
Graefe  Arch.,  VoL  XXXV,  B.  3,  1889. 


194 

.the  case  reports  are  takon.  the  most  modern  views  coiu-eriiing  the  aetiology 
and  pathogenesis  of  thi.s  form  of  cataract  and  its  relation  to  central  cataract 
are  ex))resstHl.  A  number  of  later  investigators,  Bernhard  Dub,^  C'arl 
Hei!«,28  and  Albert  JV^ters,^^  though  differing  with  him  in  some  minute 
details,  essentially  agree  with  him — hence  Schirmer's  views  expressed  in  his 
later  work,^  are  quoted  in  full.  ' 

"In  accord  with  Jlorner's  theory,  J  conceive  that  a  zonular  cataract  is 
due  to  the  action  of  a  passing  noxious  principle  which  manife>ts  itself  by 
the  formation  of  little  droplets  in  the  lens  as  it  exists  at  that  particular 
time.  The  droplets  appear  in  greatest  numbers  in  the  youngest  lens  fibres 
and  lamellae,  so  that  ''linically  we  find  a  demonstrable  cloudiness; 
whereas  the  oldest  fibres,  in  which  less  interchange  of  products  is  going  on, 
are  but  slightly  affected,  and  microscopically  tiiest^  latter  show  no  change. 
The  fibres  which  form  later  do  not  suffer  in  their  normal  transparency. 
This  explains  in  a  perfectly  rationally  manner,  why  it  is  that  the  cloudy  zone 
in  lamellar  cataract  has  the  form  of  the  lens,  that  the  intense  cloudiness 
is  conlined  to  one  sheath  (as  it  were),  and  show  but  slight  changes  in  the 
nucleus.  In  very  early  foetal  life  the  lens  is  not  only  smaller,  but  much 
more  globular  than  at  birth.  Hence  a  zonular  cataract  which  fomis  very 
early  in  life  will  not  only  be  smaller,  but  must  be  more  globular,  than  where 
fonned  in  extra-uterine  life.  At  such  an  early  period  of  development  the 
fibres  throughout  the  entire  lens  i)ossess  an  equal  amount  of  life,  and  all 
denunid  an  equal  amount  of  nutrition:  at  this  time,  they  do  not  as  yet 
exist  as  fibres,  which  are  changed,  shrunken  and  removed  from  the  action 
of  the  nutritive  processes.  This  same  noxious  principle,  which  later  on 
simply  affects  the  youngest  lamellae,  causing  these  to  l)eiome  cloudy  and 
only  slightly  affects  the  central  portion  of  the  lens,  which  is  removed  from 
the  influence  of  the  nutritive  procesi?es,  here  aifects  the  entire  lens,  leads 
to  a  foetal  total  cataract,  over  which  gradually  new  transparent  lamellae 
are  deposite<l,  and  thus  in  time  a  central  lens  cataract  is  fonned.'' 

Hence  the  theory  of  the  pathogenesis  of  zonular  rataract  can,  without 
further  discussion,  be  adopted  for  central  cataract,  and  the  following  state- 
nu»nts  apply  to  both  fonns: 

*^\ny  noxious  principle,  the  exact  nature  of  which,  is  as  yet  unknown, 

27  Beltj-age  ssur  Keutniss  der  Cataract   Zonnlnris.    Oraefe  Arc-h..  XXXVII, 
Vol.  IV.  1801. 

28  Zur  Patholojfle   und    Pathologische   Anatoniie    Verschieden    Staarformen. 
(irnefe  Arch.,  Vol.  XXXIX.  B.  1.  p.  183.    ISJKi. 

29  ri)er  die  Entstehung    des    Schlchtstaars    nud   Verwandte    Staarformen. 
nraefe  Arch.,  Vol.  XXXIX,  B.  2,  p.  221.    1893. 

30  •*Zur  Pathologische  Anatomie  und  Pathogeuese  des  Centralstaan*.    Graefe 
Anh..  Vol.  XXXVIII.  B.  4.  p.  1.    1801. 
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will,  in  all  probability,  interfere  with  the  proper  nutrition  of  the  lens  and 
in  the  lamellae  already  formed  at  the  time  of  its  action,  as  well  as  in  those 
just  forming.  These  changes  lead  to -the  formation  of  minute  drops,  which 
in  the  beginning  are  probably  in  the  fibres,  but  which  later  on,  as  these 
shrink,  are  pressed  out;  it  is,  however,  possible  that  they  were  outside  the 
fibres  from  the  beginning.  Only  those  fibres,  which  are  fully  alive  and 
still  in  the  midst  of  the  nutritive  processes,  at  the  time  this  noxious  prin-  ' 
ciple  is  acting,  contain  such  numbers  of  minute  drops  as  to  lead  to  a 
clinical  cloudiness,  the  older  fibres  depending  on,  to  how  great  an  extent 
they  participate  in  the  nutritive  processes  are  proportionately  affected. 
The  cause  for  the  formation  of  this  form  of  cataract  seems  to  abate  quite 
suddenly,  as  attested  by  the  sharp  line  of  demarcation  which  exists  between 
the  opaque  and  transparent  zone. 

"Depending  on  the  time  and  intensity  of  the  action  of  the  noxious  prin- 
ciple, an  entire  series  of  varieties  of  cataract  may  develop.  At  one  end  of 
the  series  is  the  small  white  globular  central  cataract;  at  the  other,  re- 
stricted to  but  a  few  lamellae  is  the  very  delicate,  large,  almost  transparent 
zonular  cataract.  The  former  are  due  to  a  very  decided  and  very  early  in- 
terference with  nutrition — (as  is  universally  conceded,  central  cataracts 
are  congenital) — the  latter  are  due  to  a  very  low  grade,  and  relatively 
late,  disturbance.  Zonular  cataract  appears  to  be  developed  at  birth,  but 
probably  developes  more  frequently  in  extra-uterine  life,  and  as  to  how 
late  in  life  this  may  develop,  the  above  cases  of  zonular  cataract  demon- 
strate. Between  these  two  forms  are  ranged  the  large  cataracts,  which 
show  the  configuration  of  a  zonular  cataract  and  are  totally  opaque.^' 

"It  is  true  that  a  similar  pathogenesis  for  both  forms  of  cataract,  is  no 
proof  of  a  similar  causation,  for  there,  does  not  appear  to  be  such  a  great 
difference  as  Schnabel  contends.^^  Schnabel  contends  that  nuclear  cata- 
racts, as  well  as  punctate  and  congenital  total  cataracts,  are  due  to  an  ab- 
nonnal  condition  of  the  original  epithelial  germ,  whereas  zonular  cataract  is 
due  to  disturbances  occurring  in  intra  or  extra-uterine  life.^*  As  proof  of 
this,  he  states  that  one  frequently  finds  nuclear  cataracts  in  different  mem- 
bers of  the  same  family,  or  in  various  generations  of  the  same  family,  but 
zonular  cataract,  never!  Hirschberg  adds  a  note  to  this  reference,  stating 
that  he  has  operated  grandmother,  mother  and  child  for  zonular  cataract 
and  that  he  has  also  seen  similar  forms  in  mother  and  son;  and  other 
opthalmologists  likewise  have  had  the  same  experience.  Opposed  to  this 
latter  view,  one  lyiust  mention  Knies'  spindle  staar  family.    Three  brothers 

31'Tortrag  Gehalten  in  der  Sitzung  des  Verelns  der  Aerzte  Steiermarks/' 
Kovember  24,  1800.    Referat  in  Centralblatt  fur  AugenheiUcunde,  April,  1891. 
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had  central  cataract,  together  with  a  simple  or  double  zonular  cataract. 
Since  anomalies  of  the  lens  existed  in  the  three  sisters  of  these  brothers,  in 
their  mother,  and  the  mothei-'s  grandfather,  this  case  does  seem  to  indicate 
some  abnormal  condition  of  the  original  epithelial  genu.  But  to  me,  not- 
withstanding the  larger  number  of  members  of  one  family  so  affected,  it 
does  not  prove  an  abnonnal  condition  of  the  lens  germ,  but  leads  rather  to 
the  assumption,  wliieh  I  believe  is  justifiaible,  that  this  is  due  to  a  general 
dyscrasia  (rachitic  disposition?)  in  the  original  germ,  which  is  inherited, 
and  that  the  anomaly  of  the  lens  is  secondarily  induced  by  the  former.  It 
is  undoubtedly  true  that  central  cataracts  are  especially  frequently  found 
associated  with  other  congenital  anomalies  of  the  eye,  but  it  is  undoubtedly 
likewise  true,  that  at  times  its  formation  has  the  same  underlying  basis  as 
a  zonular  ca/taract.  Therefore,  I  do  not  believe  that,  generally  speaking, 
we  can  accept  Schnabel's  axiom.  As  he  expresses  it,  it  can  not  be  sustained, 
but  rather,  zonular  cataract,  as  well  as  central  cataract,  may  be  due  to 
various  causes.  Both  may  be  due  to  abnormal  conditions  of  the  original 
lenfl  germ,  but  also  to  intra-  or  extra-uterine  disturbances." 

It  is  impossible  to  draw  a  sharp  line  of  demarcation  between  zonular 
and  central  cataract. 

C. 
A  VARIETY  OF  FORMS  OF  CONGENITAL  PARTIAL  CATARACTS. 

There  is  probably  no  portion  of  the  lens  in  which,  at  some  time,  a  cir- 
cumscribed opacity  has  not  been  observed,  and  which  does  not  change  its 
relative  position  and  size.    A  whole  series  of  such  have  been  observed. 

a.  DOTTED  CATARACT.  CATARACTA  PUNCTATA.  CATARACTA 

COERULA.  CATARACTA  SENILIS  PRAEMA- 

TURA  PUNCTATA. 

This  form  of  cataract  is  seldom  seen,  because  it  is  usually  overlooked. 
Ldebreich  was  the  first  to  accurately  describe  it.^^  i^  ijjs  "Anatomy  of  the 
Lens,'^  page  174,  Becker  considers  this  form  of  cataract  along  with  the 
constitutional  cataracts,  and  designates  it  as  cataracta  senilis  praematura 
punctata.  He  says,  "Constitutional  diseases,  especially  albuminuria  or  dia- 
betes, may  be  excluded.  I  have  not  examined  for  phosphaturia.  Syphilitic 
infection  as  a  rule  was  not  denied.  The  peculiarity  lies  in  the  presence  of 
circumscribed  punctate  cloudy  areas  in  the  anterior,  rarely  in  the  posterior 
cortical  substance,  and  their  excessively  slow  increase  in  size. 

"I  had  a  typical  case  under  observation  for  fully  thirteen  years.    It  beg^ins 


82  Nouveau  Dictionalre  de  Medicine  et  de  Chirurgle  Prat.,  par  J.  B.  Barlliere 
et  Flls,  VI,  p.  480. 
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with  minute  punctate  opacities  near  the  anterior  capsule.  In  the  course  of  the 
following  four  or  Ave  years  other  opacities  were  added,  until  the  entire  an- 
terior and  posterior  cortical  substance  was  permeated  with  them.  In  the  tenth 
year  cloudy  streaks  first  began  to  develop,  until  finally,  owing  to  the  cloudiness 
of  the  entire  anterior  cortex,  the  cataract  looked  like  a  senile  cataract,  with  a 
yellowish  white  nucleus  and  blueish  white  cortex.  The  patient  was  operated 
on  in  her  forty-eighth  year,  and  although  healthy  was  prematurely  old;  6-6 
yisioD  was  obtained.  I  make  this  statement  l)ecause  it  goes  to  show  that  the 
posterior  segment  of  the  eye  was  healthy." 

Dr.  Waldhauer,  Sr.,^*  states  that  in  900  cases  operated  for  cataract,  he 
found  two  of  this  variety  and  neither  had  constitutional  disease.  He  also 
reports  the  case  of  a  colleague  suffering  from  Bright's  disease,  operated 
by  Von  Graefe  in  1860. 

Dr.  Carl  Hess  ^  e.xaniined  eleven  cases  clinically  and  six  anatomically. 
He  gives  the  following  description:  "All  showed  small  circular,  sharply  de- 
fined cloudy  areas,  the  largest  of  which  did  not  appear  to  have  a  greater 
diameter  than  I  mm.  and  are  found  in  the  perinuclear  lamellae,  and  de- 
crease rapidly  in  numbers  as  they  approach  the  poles.  They  seem  to  be 
more  numerous  in  the  anterior  cortical  substance  than  in  the  posterior.  As 
a  rule,  they  are  differentiated  from  the  usual  grey  spiculae  of  grey  cataract 
by  their  greyish  green  color.  In  all  cases  the  equatorial  region  is  as  good 
as  free  from  these,  or  completely  clear  and  transparent.  In  some  cases  the 
spiculae  of  grey  cataract  may  be  added.  The  age  of  the  patients  varied  from 
34  to  64  years,  and  all  the  cases  were  characterized  by  this  exceedingly 
slow  development.  General  diseases,  such  as  albuminuria  and  diabetes, 
could  not  be  discovered.  In  all  (*ases,  vision  was  such  as  to  permit  of  con- 
cluding that  the  condition  of  the  retina  was  normal." 

"In  all  eases  the  lens  was  easily  extracted,  though  the  usual  clinical 
signs  of  a  ripe  cataract  were  wanting,  the  peripheral  cortical  layers  still 
being  totally  transparent.  From  this  we  may  conclude  that  there  existed 
ail  unusual  consistence  of  the  cortical  lamellae  in  a  relatively  young  indi- 
vidual. In  all  his  cases  which  he  examined  anatomically,  he  found  these 
to  be  elliptical  spaces  filled  with  homogenous  or  very  finely  granular 
masses.'' 

Hess  divides  this  form  of  cataract  into  two  varieties — the  congenital 
and  the  acquired. 

He  made  the  first  anatomical  examination  of  the  congenital  variety, 
the  clinical  history  showing  that  both  mother  and  daughter  had,  besides 


»  "Zwei  Falle  von  C.  Punctata."  Graefe  Arch.,  Vol.  XXXI,  Bd.  1,  p.  249. 
M"Znr  Pathologic  und  Pathologischen  Anatomie  Vorschiedenen  Staar  For- 
men."  Graefe  Arch.,  Vol.  XXXIX,  Bd.  1,  p.  183. 
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this  condition,  a  central  cataract.  He  states,  "Close  to  the  nucleus  irreg- 
ularly distributed  spaces,  filled  with  granular  masses,  were  found,  which 
did  not  take  up  the  haematoxyUn  stain  satisfactorily.  The  fibres  sur- 
rounding these  spaces  were  more  or  less  "gnawed  at."  From  this,  he  states 
that  he  feels  justified  in  assuming  that  the  congenital  form  is  anatomically 
essentially  different  in  its  character  from  the  acquired. 

For  the  acquired  form  he  assumes  that  the  lentiform  spaces  were  pre- 
formed, but  did  not  lead  to  any  disturbance,  being  filled  with  clear,  trans- 
parent fluid.  The  punctate  cloudiness  followed,  where  this  fluid  underwent 
a  chemical  change,  possibly  a  coagulation.  He  further  suggests  that  these 
eliptical  spaces  might  result  from  an  irregular  shrinkage  of  the  nucleus, 
but  it  must  be  remembered  that  they  are  arranged  in  a  special  portion  of 
the  lens,  "abnormal  structural  conditions  of  the  perinuclear  lamellae.'' 

b.  OATARACTA  STELLATA. 

According  to  Liebreich,  this  is  a  special  variety  of  cataracta  punctata. 
Hasner  described  two  such  cases,  and  illustrated  one.^^  His  description 
coincides  with  that  of  Liebreich.  It  was  observed  to  be  nearer  the  an- 
terior pole,  and  had  a  much  more  complicated  figure;  whereas,  in  cataracta 
punctata,  the  opacities,  as  they  approach  the  poles,  form  a  three-pointed 
star-figure,  forming  angles  of  120  degrees.  At  the  anterior  pole  this  figure 
forms  a  Y,  and  at  the  posterior  pole  this  is  turned  at  about  60  degrees. 
In  the  cataracta  stellata  the  figure  is  a  more  complicated  one;  the  radii  are 
but  60  degrees  apart,  and  from  these  a  second  series  extend.  Becker 
states,  that  he  observed  a  very  pronounced  case  at  Arlt's  clinic. 

CHAPTER  VII. 

CATARACTA  ACCRETA.  CATARACTA  COMPLICATA. 

In  consequence  of  direct,  permanent  contact  with  disepsed,  firm,  vas- 
cular, normal  or  pathologically  changed  portions  of  the  eye,  the  lens  becomes 
cataractous — cataracta  complicata. 

All  forms  of  cataract  belong  here  which  occur  in  consequence  of  dis- 
ease of  the  retina,  or  the  formation  of  extensive  cyclitic,  irido-cyclitic  or 
intic  bands  of  new-formed  connective  tissue.  Hence  the  causative  diseases 
are  detachment  of  the  retina,  intra-ocular  tumors,  glaucoma  absolutum, 
cysticercus,  cyclitis,  iridocyclitis,  and  the  unknown  changes  which  lead  to 
buphthalmus  and  other  ectatic  processes  in  the  eye. 

Iwanoff  was  the  first  to  make  anatomical  examinations  of  this  form. 

35  Kllnische  Vertrage,  p.  270.    1866. 
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In  all  these  cases  the  cellular  hyperplasia  is  incited  by  the  abnormally  con- 
stituted iiutritive  fluid  which,  though  entering  along  the  normal  channels, 
b  derived  from  a  pathological  vitreous.  Further,  the  continued  .contact 
of  the  lens  with  vascular,  normal  or  pathological  structures,  even  in  a  cir- 
cumscribed area,  will  once  more  incite  the  embrj^onal  mode  of  nourish- 
ment. 

A  number  of  cases  will  serve  to  illustrate  these  points: 

INCIPIENT  TOTAL  CLOUDINESS  OF  THE  LENS,  THE  RESULT  OF 
ADHESIONS  OF  THE  LENS  WITH  A  GRANULOM  OF 
THE  IRIS. 
In  consequence  of  a  granulom  of  the  iris,  adhesions  formed  between  the 
pathologically  changed  iris  and  the  capsule  of  the  lens.    As  far  as  this  adhesion 
extended  a  capsular  cataract  and  folding  of  the  capsule  liad  followed,  and  along 
the  equatorial  line  large  vesicular  cells  had  developed,  whereas  the  remainder 
of  the  lens  remained  transparent.  No  doubt,  with  the  growth  of  the  new  forma- 
tion, the  extent  of  the  lenticular  cloudiness  would  have  increased. 

PATARACTA  COMPLICATA  (BUFHTHALMUS). 

H.  Z.,  a  boy  8  years  of  age,  was  talcen  up  at  the  clinic  June  13,  1878.  The 
right  eye  was  emetropic,  V  equal  to  6-6.  Regarding  the  left  the  parents  state 
that  when  the  boy  was  one  year  old  they  began  to  notice  that  this  eye  was 
larger  than  the  right.  At  the  age  of  seven  years  Dr.  Paull,  of  Landau,  saw  the 
child,  and  found  buphthalmus,  trembling  of  the  iris,  floating  opacities  in  the 
vitreous,  amaurosis.  Owing  to  the  opacities  in  the  vitreous  the  fundus  could 
not  be  studied.  The  eye  waj*  free  from  all  signs  of  irritation.  Four  months 
later  (Octobei*,  1878)  inflammatory  symptoms  suddenly  developed  in  the  left 
eye.  At  the  time  of  his  entry  (June  13,  1878),  the  lids  were  swollen,  chemotic 
and  anterior  chamber  filled  with  blood.  Fain  in  ciliary  region  T.— 2.  June  17, 
1878,  enucleation;  sagittal  diameter,  30  mm.;  equatorial,  29  mm.;  base  of  cornea, 
15  mm.  The  horizontally  dissected  eye  disclosed  a  large  anterior  chamber  filled 
with  blood,  anteriorly  bounded  by  a  very  thin,  vascularized  cornea,  posteriorly 
by  a  transversely  stretched  membrane,  which  talces  its  origin  from  the  iris  and 
Fontana's  spaces,  and  consists  of  a  thickened,  Infiammatory,  vascularized  for- 
mation on  the  iris.  This  new  formed  layer  of  infiammatory  tissue  fills  the 
pnpU,  and  in  this  area  Is  firmly  adherent  to  the  lens.  The  posterior  surface  of 
the  Iris,  its  pigment  layer,  for  a  short  distance  is  likewise  adherent  to  the  lens. 
More  perlpherically  the  posterior  surface  of  the  Iris  apparently  is  unchanged, 
and  a  posterior  chamber  exists.  With  the  exception  of  its  anterior  chamber, 
which  is  somewhat  fiattened,  the  lens  has  retained  its  shape.  Its  equatorial 
diameter  is  8.4  mm.;  its  polar,  4.3  mm.  The  fibres  of  the  zonula  are  well  pre- 
served, and  can  be  distinctly  seen  in  the  stained  sections.  The  ciliary  processes 
are  pressed  anteriorly,  and  are  long  and  thin.    Petit's  Canal  Is  2.7  mm.  wide. 
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Aside  from  an  Intense  cellular  Infiltration,  the  ciliary  body  shows  no  changes. 
In  the  posterior  segment  of  the  eye  the  choroid  is  adherent  to  the  sclera. 
Equally  infiltrated;  nevertheless,  at  several  points  nodular  like  thickenings 
exist  Anteriorly,  posterior  to  the  orra  serrata,  to  the  temporal  side,  osseous 
tissue  is  developing.  The  entire  atrophic  retina  is  detnclied,  and  near  the  pa- 
pilla shows  numerous  folds.  These  partly  cover  a  deep  excavation  of  the  pa- 
pilla, which  is  distinctly  visible  in  the  sections.  Both  the  -flat  space  between 
the  choroid  and  retina,  as  well  as  the  entire  vitreous  space,  Petlts  Canal  In- 
cluded, and  the  posterior  chamber,  is  filled  with  a  fiuid  which  has  coagulated 
In  the  MuUer's  fluid.  This  undoubtedly  chemically  changed  fluid  in  the  eye 
lead  to  such  a  complete  imbedding  of  the  lens,  that  after  the  lens  had  been  cut 
In  four  parts  and  lmlx»dded  in  stearin,  it  was  possible  to  make  fine  sections 
(Kuhnt  liUdwig).  The  other  half  of  the  lens  was  put  up  in  calabar  substance, 
and  then  cut  (Dr.  Pinto).  Prom  the  description  it  follows  that  the  lens  was 
held  fast  in  the  pupillary  area  and  its  immediate  nighborhood,  and  that  it  was 
connected  with  vascularized  tissue,  and  was  further  imbedded  on  all  sides 
by  pathological  humor  aqueous  and  vitreous.  The  r/hanges  in  the  lens  are 
highly  interesting,  and  fit  in  exactly  with  those  already  above  mentioned  in 
the  case  of  the  granulom  of  the  iris. 

A  capsular  cataract,  8  mm.  long  and  0.4  mm.  thick,  occupies  the  pupillary 
area.  This  shows  all  the  attributes  of  a  conglomeration  of  cells  without  the 
presence  of  intercellular  substance;  hence,  this  In  the  first  stage  of  develop- 
ment. In  the  equatorial  region  are  vesicular  cells.  The  inner  surface  of  the 
posterior  capsule  is  clothed  with  epithelium,  which  is  undergoing  hyperphasia. 
The  lens  whorl  is  but  partially  recognizable.  The  cliauges  in  the  fibrous  portion 
of  the  lens  are  likewise  characteristic;  separated  lamellae,  between  which  are 
highly  light-reflecting  globules  of  coagulated  albuminous  fluid,  and  the  presence 
of  innumerable  vacuoles  in  the  peripheric  fibres  all  indicate  that  this  cloudiness 
of  the  lens  has  developed  rapidly.  This  agrees  with  Dr.  PauU's  statement 
In  June,  1877,  the  Iris  trembled,  the  pupil  was  free,  and  the  lens  transparent 
In  October  the  first  signs  of  changes  In  the  eye- were  noted,  which  lead  to  the 
formation  of  the  cataract.  As  the  Immediate  cause  of  tlie  same,  one  must 
designate  the  local  adhesions  which  the  vascular  pseudo  membrane  in  the  pupil 
and  the  pathological  nutritive  supply  on  the  part  of  the  vitreous. 

CATARACTA    CAPSULO-LKNTICTJLARIS    COMPLICATA  (DETACHMENT 

OP  THE  RETINA). 

Mrs.  K.,  about  40  years  of  age.  was  treated  by  Steffan.  to  whom  I  am  in- 
debted for  this  eye.    I  take  the  following  from  his  notes: 

October,  1873,  staplyoma  posticum  progress.  Choroiditis  disseminata.  Cat- 
aract polaris  iK)sterior.  Inner  half  of  field  of  vision  wanting.  Externally  she 
still  counts  fingers  at  1.5.  Right  eye.  Irido-choroldltls,  (»atara<'ta  capsularis 
accreta.  Ciliary  irritation.  Amaurosis.  This  eye  was  enucleated  October  7, 
1873.    Two  years  later,  October  7.  1805.  the  eye  was  opened  horizontally.    The 
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retina  was  totally  detached,  the  entire  space  l>etween  this  and  the  choroid 
was  filled  with  cholestearin  crystals.  The  retina,  together  with  cy  ell  tic  bands, 
encloses  completely  the  posterior  section  of  the  eye.  Anteriorly  it  Is  covered 
by  the  irido-cycUtlc  new  formations,  which  also  cover  the  pupil.  As  the  result 
of  these  bands  the  iris  in  its  periphery  is  drawn  posteriorly;  as  a  result,  the 
anterior  chamber  Is  unusually  deep.  It  is  especially  worthy  of  note  that  the 
papillary  edge  of  the  iris,  together  with  the  sphincter,  is  drawn  backward  by 
the  cyclitic  bands.  Hence,  I  observe  here  for  the  first  time  a  condition  directly 
the  opposite  of  that  so  frequently  observed  In  glauconla.  Microscopically  one 
can  see  that  the  lens  consists  of  two  distinct  parts.  The  entire  anterior  and 
posterior  capsule  is  covered  with  a  capsular  cataract.  On  fine  sections  one  can 
see  that  it  is  formed  like  all  other  capsular  cataracts.  At  some  points,  how- 
ever, small  and  large  particles  of  amorphous,  chalky  microscopical  granules 
are  deposited.  This  always  occurs  first  in  the  spaces  between  the  tissue,  and 
surround  and  gradually  displace  the  nuclei.  The  farther  Inward  we  proceed 
the  larger  and  more  compact  do  these  concretions,  which  gradually  assume  the 
shape  of  Drusen,  become.  Almost  the  entire  space  within  the  capsule  sac  not 
occupied  by  the  capsular  cataract  is  filled  with  the  chalky  deposit. 

In  this  case  entire  calcification  of  the  lens  ensued,  without  a  rupture  of  the 
capsule  having  taken  place. 

CALCIFICATION  OF  THE  LENS.  Since  deposits  of  lime  salts 
within  the  capsular  sac  most  frequently  occur  under  the  above  considered 
conditions — ^that  is,  where  the  cataract  occurs  consecutive  to  some  previous 
disease  of  the  eye,  which  has  led  to  permanent  firm  adhesions  between  the 
lens  and  pathological  vascular  tissues — this  condition  will  be  considered 
here.    It  has  also  been  described  as  a  petrification  of  the  lens. 

L^der  these  conditions,  the  deposits  of  lime  salts  always  occur  first 
in  the  new-formed  tissue,  which  is  derived  from  the  hyperplasia  of  the 
intracapsular  cells.  Nevertheless,  a  deposit  of  lime  salts  not  infrequently 
does  occur,  but  where  the  lens  is  simply  fixed  in  its  position  by  a  simple 
Bynecrhia,  or  in  cases  where  a  youthful  individual  has  suffered  destruction 
of  the  deep-seated  structures  of  the  eye;  hence,  under  conditions  to  be  con- 
sidered presently.  L'nder  such  conditions,  the  deposit  of  lime  salts  is  not 
preceded  by  an  extensive  capsular  cataract.  The  deposit  of  the  amorphous 
granules  of  lime  takes  place  first  on  the  inner  surface  of  the  epithelium 
of  the  anterior  and  of  the  pseudo  epithelium  of  the  posterior  capsule,  and 
extends  gradually  from  the  periphery  to  the  centre  of  the  lens.  This  is 
demonstrated  by  the  fact  that  at  times,  the  innermost  nucleus  is  not  cal- 
careous, but  consists  of  an  amorphous,  smeary,  at  times  waxy,  mass.  This 
is  certainly  worthy  of  note,  since  one  must  assume,  that  though  this  grad- 
ual petrification  is  steadily  going  on,  from  without  inward;  that 
though  finally  there  must  be  a  very  considerable  crust  of  lime  salts,  this 
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must  still  be  permeable  to  the  inorganic  constituents  of  the  nutritive  fluid. 
Minute  calcareous  deposits  are  at  times  noted  in  over-ripe,  senile,  non-com- 
plicated cataracts.  They  always  appear  as  thin  lamellae  of  highly  refracting 
granules  close  to  the  capsule,  and  at  times  they  look  like  crystals.  Neverthe- 
less, I  have  never  been  able  to  distinguish  crystals  with  certainty.  A  total  cal- 
cification always  requires  a  long  time — months,  and  even  years.  This  is 
due  to  the  slight  amount  of  organic  constituents  of  the  vitreous,  and  the 
always  sluggish  interchange  of  nutritive  fluid  in  a  diseased  eye. 

The  petrification  of  the  lens  is  either  local,  or  the  entire  lens  is  in- 
volved. The  former  condition  is  observed  in  the  over-ripe  senile  cataract, 
the  latter  in  the  consecutive  and  complicated  cataracts  of  youth.  In  chil- 
dren, the  contents  of  the  capsule  may  remain  fluid  and  gradually  become 
inspisated,  (catarada  laded),  or  the  formation  may  be  a  solid,  strong  one 
from  the  beginning,  (catarada  calcarea)  (jffypsea). 

Beer  noticed  that  when  the  eye  is  kept  perfectly  quiet  for  a  time,  a 
color  difference  develops  in  these  milky  cataracts,  in  such  a  manner  that 
the  lower  half  gets  chalky  white,  whereas  the  upper  half,  has  a  more  yellow- 
ish color.  If  one  waits  long  enough,  this  line  of  separation  will  become  an 
almost  straight  line.  This  phenomenon  is  due  to  the  precipitation  to  the 
floor  of  the  capsular  sac  of  the  heavier  calcareous  granules.  Naturally,  this 
difference  can  only  become  distinct  where  the  fluid  portion  is  relatively 
great.  Hence,  the  milky  cataract  does  not  always  appear  to  have  sediment, 
and  it  is  not  always  an  easy  matter  to  differentiate  between  a  catarada 
ladea  and  a  catarada  calcarea.  One  must  judge  by  the  uneven  tuberous 
surface  of  the  latter,  as  compared  with  the  perfectly  even  surface  of  the 
former.  Also,  the  more  exact  light  sense  in  cases  of  cataracta  lactea  may 
aid  us  in  making  a  correct  diagnosis. 

OSSIFICATION  OF  THE  LENS.  The  question  of  the  possibility 
of  an  ossification  of  the  lens,  naturally  follows  upon  the  consideration  of 
cataracta  calcarea.  Technically  speaking,  the  question  is  not,  whether 
at  the  place  where  the  lens  normally  is  found,  a  deposition  of  true  bony 
substance  is  found,  but  whether  bone  can  be  found  inside  of  a  lens  capsule 
which  has  never  been  ruptured.  The  latter  proposition  is  denied  by  me 
(Becker),  the  former  is  not  contradicted.  Where*  this  bony  body  simulates 
the  form  of  the  lens,  it  will  always  be  found  that  the  space  which  the  latter 
originally  occupied  is  entirely  surrounded  by  pathological  tissue,  forming  a 
perfect  mold  of  the  lens.  The  following  case  will  demonstrate  in  how  re- 
markable and  rapid  a  manner  this  can  occur:  Ward  Holden,^  in  a  patho- 
logical report,  confirms  thet?e  statements: 

lA  case  of  Ossification  of  the  Lena.  Clinical  History  by  Dr.  John  Dunn. 
Pathological  Report  by  Ward  Holden.  Archives  of  Opthalmology,  Vol.  XXVII, 
No.  5.     1898. 
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Case.  September  28,  1S82,  a  father  accidentally  struck  his  son  in  the  right 
eye  with  a  pitch-fork.  On  September  29,  1882,  the  conjunctiva  bulbi  was  found 
oedematous,  and  downward  and  inward  in  the  cornea  was  found  a  right-angled 
flap  wound.  Blood  in  the  anterior  chamber.  Globe  soft.  Perception  of  light 
present  Projection  wrong.  September  30,  1882,  at  12  o'clock;  hence,  forty- 
three  hours  after  the  injury,  the  eye.  was  enucleated  and  placed  in  chromic 
icid.  December  14,  1883,  the  eye  was  cut  and  imbedded.  Macroscopically  we 
belieyed  that  the  lens  was  applied  to  the  posterior  surface  of  the  cornea.  Under 
the  microscope  it  was  shown  that  simply  the  capsule  was  present,  but  that  the 
lens  had  been  extruded  at  the  time  of  the  accident.  The  capsule  had  filled  with 
blood,  and  thus  had  simulated  the  presence  of  the  lens.  The  vitreous  was  very 
much  Infiltrated,  and  the  pars  ciliaris  retinae  was  being  changed  into  a  cyclitic 
band.  It  can  scarcely  be  doubted  but  that  this  space  which  the  lens  had  occu- 
pied, and  which  was  now  filled  with  blood,  in  course  of  time  would  have  been 
occupied  by  new-formed  tissue.  If  this  later  had  become  changed  to  bone,  we 
would  have  found  a  bony  formation  occupying  the  position,  and  having  the 
exact  form  of  the  lens;  but  thl»  certatnry  would  not  have  indicated  that  the 
lens  bad  been  changed  into  bone.u 

PERFORATION  OF  THE  LENS  BY  A  GLIOMA  OF  THE  RETINA. 

"Iwanhoffib  speaks  of  this  condition,  and  makes  the  fine  distinction,  that 
contact  of  a  tumor  could  be  looked  upon  as  a  trauma.  First,  it  arouses  the 
faitra-capsular  cells  to  a  hyperplasia;  after  a  length  of  time  the  new  formation 
destroys  the  capsule  by  usur;  after  this  nothing  impedes  the  entrance  of  the 
cellular  elements  of  the  new  formation  as  well  as  lymphoid  cells,  and  finally 
the  new  formation  and  its  stroma  and  vessels  within  the  capsular  sac,  until 
finally  the  entire  lens,  like  any  other  tissue,  is  entirely  destroyed. 

'*My  former  assistant.  Dr.  Bettmann,  examined  such  an  eye,  in  which  the 
nsnr  of  the  capsule  undoubtedly  occurred  only  a  short  time  before  the  enucle- 
ation. The  epithelium  has  given  rise  to  the  already  so  often  spoken  of  hyper- 
phasia  of  pseudo-epithelium  and  vesicular  cells.  At  the  point  of  perforation 
somewhat  anterior  to  the  equator,  a  broad  strip  of  round  cells  is  working  its 
way  toward  the  center,  whereas  another  is  pushing  its  way  along  the  inner 
surface  of  the  anterior  epithelium.*' 

PEBFORATION  OF  THE  CAPSULE  OF  THE  LENS,  AS  THE  RE- 
SULT OF  THE  TRACTION  OF  CYCLITIC  BANDS. 

In  this  connection,  Becker  discusses  a  case  described  by  Haab.^  He 
concludes  that  the  cyclitic  bands,  together  with  the  vessels  they  contain, 
are  the  resnilt  of  a  foetal  irido-choroiditis.     As  a  result  of  the  traction  of 

lA  See  reference  in  Yahresbericht  fur  Opthal.,  1880,  p.  367. 
lb  Beltrag  zur  Pathologischen  Anatomie  des  Hornhaut  und  Linse  Epithelels 
I^genstecher  Kllnische  Beobachtungen,  Bd.  Ill,  p.  126. 

3  Uber  Angeborene  Fehler  des  Auges.     Arch.  f.  Opth.,  Bd.  XXIV,  2,  p.  274. 
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these  bands  on  the  posterior  capsule  in  an  eye  which  had  become  ectatiCy 

the  posterior  capsule  buret. 

In  his  "Patholog}'  and  Therapy,"  page  284,  Becker  gives  the  follow- 
ing hints  regarding  the  operative  interference  in  these  various  forms  of 
cataracta  accreta:  "It  is  not  without  good  reason,  that  every  one  expresses 
fear  in  operating  cataracts  which  have  formed  adhesions.  However,  only 
those  offer  a  bad  prognosis  which  have  as  a  basis  an  extensive  traumatic 
cyclitis.  Whereas  the  presence  of  a  single  capsular  synechia  can  easily  be 
overcome  by  the  cystitome,  at  the  time  of  the  capsular  incision,  it  certainly 
is  very  easily  understood,  that  the  more  extensive  the  adhesions,  the 
greater  will  be  the  difficulties  encountered  in  loosening  them.  In  cases 
of  a  broad  adhesion,  it  will  be  advisable  to  make  a  preliminary  iridectomie 
before  the  cataract  operation.  Arlt  drew  attention  to  the  fact,  that  by  this 
means,  not  only  were  a  large  number  of  adhesions  broken  up,  but  also  the 
predisposition  to  an  iritis  was  lessened.  The  danger  in  the  operations  un- 
doubtedly is  due  to  the  fact,  that  an  inflammatory  process  which  has  just 
about  subsided  or  is  even  yet  present  in  the  latent  form,  is  lighted  up  again. 
Whereas  the  presence  of  cyclitis  mogt  emphatically  eontra-indicates  opera- 
tive interference,  this  is  allowable  in  simple  iritis;  hence  this  gives  us  the 
measure,  as  to  the  course  to  be  pursued  in  cases  of  cataracta  accreta.  Hence, 
where  there  is  the  slightest  doubt  as  to  a  cyclitis,  the  operation  can  not  be 
delayed  too  long;  the  longer  one  waits,  the  more  certain  can  one  be  that 
the  cyclitis  has  really  ceased,  and  the  less  is  its  recurrence  to  be  feared.** 

CHAPTER  VIII. 

CATARACT   DUE  TO   DISEASE  OF   ONE   EYE,  WITHOUT   THE 
PRESEXCE  OF  ABNORMAL  ADHESIONS. 

In  these  cases  the  cause  of  the  cataractous  formation  is  to  be  sought 
in  the  vascular  system  of  the  eye. 

CATARACTA   MOLLIS  EXCIIORIOIDITIDE. 

In  1880  I  (Becker)  operated  on  a  man  02  years  of  age  for  cataract,  V — %. 
During  his  convalescence  lie  was  caUed  on  by  his  daughter,  24  years  of  affe, 
who  had  on  her  left  eye  a  posterior  cortical  cataract,  which  also  extended  into 
the  equatorial  region,  but  was  not  ripe.  I  kept  her  under  observation  till  close 
of  1881,  and  repeatedly  had  her  general  condition  examined  Into;  also  her 
urine  (for  albumen  and  sugar),  but  this  was  always  negative.  The  cataract 
was  extracted  as  soon  as  vision  sank  to  the  recognition  of  the  movements  of 
the  hand.  I  wish  to  state  positively  that  before  the  operation  projection  was 
perfect,  the  field  of  vision  free,  and  the  smallest  candle  flame  was  visible  In 
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the  entire  room.  The  operation  and  time  of  healing  were  without  mishaps; 
but  after  complete  restoration  the  patient  could  only  count  fingers,  and  then 
only  when  they  were  held  to  the  temporal  side.  A  subsequent  discissio  cata- 
ractae  secundariae  did  not  improve  her  vision.  The  cause  was  found  in  a  great 
number  of  vitreous  opacities,  and  it  was  impossible  to  tell  whether  a  detach- 
ment of  the  retina  had  occurred. 

There  can  scarcely  be  a  doubt  but  that  during  the  operation,  a  cho- 
roidal hemorrhage  had  set  in,  and  that  this  was  due  to  a  disease  of  the 
choroid.  Cataract  formation  on  the  one  eye  undoubtedly  was  due  to  the 
presence  of  choroidal  disease;  the  other  eye,  the  right,  was,  and  is  at  the 
present  time,  perfectly  healthy. 

Becker  rej)orts  a  second  case,  in  which  vision  was  better  and  the  in- 
tensity of  the  disease  less.  He  concludes,  *'The  presence  of  cloudiness  of  the 
lens  does  not  depend  alone  on  tlie  intensity  of  the  disease,  but  probably  on 
the  length  of  time  a  less  severe  disease  or  some  special  unknown  constituent 
of  the  vitreous  is  acting. 

Knapp  ^  states  that  he  believes  that  the  formation  of  senile  cataract  is 
more  frequently  associated  with  opacities  of  the  vitreous  than  one  would 
imagine.  In  many  cases  of  incipient  cataract  lie  was  able  to  diagnose 
opacities  of  the  vitreous. 

CHAPTER   IX. 

CONSTITUTIONAL  CATAl^ACT. 

Constitutional  disease,  the  nature  of  which  is  still  unknown,  may  lead 
to  disease  of  the  choroid  and  retina,  and  this,  in  turn,  to  cataract. 


CATARACTA   POLARIS   POSTERIOR   IN   RETINITIS   PIG- 
MENTOSA. 

For  a  long  time  past,  oculists  have  recognized  a  form  of  cataract, 
^hich  seems  to  depend  on  choroidal  disease,  which  develops  spontaneously 
ID  individuals  who  have  not  reached  advanced  age,  and  which  characterizes 
itself  by  the  fact  that  it  develops  in  the  posterior  cortical  substance,  re- 
maining stationary  for  a  long  time,  or  relatively  early,  going  on  to  the  com- 
pletion of  a  total  cataract.  As  the  result  of  the  studies  relating  to  the  mode 
of  nutrition  of  the  lens,  this  assumption  has  been  verified. 

The  clinician  has  based  his  reasons  for  this  belief  on  the  occurrence  of 
a  choroiditis  before  the  formation  of  this  form  of  cataract,  or  the  finding 

iBericht  uber  das  Slebentes  Hundert  Staar  Extractionen.    Arch.  f.  Opth., 
Bd.  XI.  1,  p.  49. 
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of  its  results  after  a  successful  extraction.  One  often  finds  disease  of  the 
vitreous,  and  since  we  have  grounds  for  believing  that  the  disease  of  the 
vitreous  is  dependent  on  disease  of  the  choroid,  these  facts  strengthen  the 
above  argument.  Scarcely  a  clinical  fact  seems  to  attest  this  more,  than 
the  occurence  of  a  posterior  cortical  cataract  in  a  case  where  retinitis  pig- 
mentosa has  existed  for  a  long  time. 

At  first  there  appears  at  the  posterior  pole  a  round,  almost  button- 
Hke,  opacity.  To  this  is  added,  at  first,  one;  later,  a  number  of  opacities 
radiating  and  running  to  a  point.  These  striations  gradually  elongate, 
until  finally  a  total  cataract  is  developed.  This  cloudiness  never  reaches 
the  greatest  degree  of  saturation,  but  always  remains  more  or  less  trans- 
parent. 

As  long  as  this  opacity  is  present  only  at  the  posterior  pole,  a  doubt 
might  arise  as  to  whether  we  are  dealing  with  a  deposit  from  the  vitreous  or 
with  an  opacity  in  the  lens.  But  the  appearance  of  the  radiating  striations 
at  once  tells  us,  that  the  cloudiness  is  in  the  cortical  substance  of  the  lens. 

Landolt  has  afforded  us  the  anatomical  demonstration.  Transverse 
sections  of  the  lens,  taken  fjsmx,  an  eye  which  had  retinitis  pigmentosa, 
show  in  both  the  posterior  and  anterior  cortical  substance,  a  separation  of 
the  various  lamellae  without  any  true  ^molecular  cloudiness  of  the  lens 
fibres.  In  the  spaces  between  the  lamellae  of  the  lens  he  found  coagulated 
Morgagni's  globules.  Both  posteriorly  and  anteriorly,  he  found  a  thin 
section  of  clear  lens  substance'  adherent  to  the  capsule. 

Other  forms  of  cataract  are  seldom  added  to  the  post  polar  cataracts  of 
retinitis  pigmentosa.  Mooren  i  once  observed  a  case  which  developed  into  a 
total  cataract.  Becker  examined  a  case  of  capsular  cataract,  showing  great 
folds  in  the  capsule,  the  posterior  segment  of  which  had  been  examined  twentj 
years  before  by  Czerny  on  account  of  the  pigmentation  of  the  retina.  Unfor- 
tunately the  lens  was  so  small  that  one  could  not  discern  positively  whether 
there  was  not  also  a  posterior  polar  cataract. 

B. 

CATARACTA  CHOROIDEALIS.  CHOROIDAL  CATARACT. 

This  form  of  cataract  is  differentiated  from  the  above  form  of  cho- 
roidal cataract  as  seen  in  retinitis  pigmentosa,  by  its  more  rapid 
progress.  In  this  form,  the  cloudiness  which  is  at  first  con- 
fined to  the  posfterior  cortical  substance,  relatively  speaking,  rapidly  be- 
comes changed  to  a  total  cataract.  In  this  form  we  find  that  the  nucleus, 
even  in  individuals  advanced  in  life,  becomes  cloudy  and  has  even  been 
observed  to  become  soft. 

1   Opthalminatr.  Beobachtungen.    Berlin,  1867. 
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(Becker.)  In  the  fall  of  1881  a  lady,  29  years  of  age,  came  to  me  for  treat- 
ment. Vision  had  been  good,  but  after  having  lived  through  times  of  great 
fright,  sorrow  and  trouble  during  the  war,  she  noticed  that  vision  was  failing 
in  both  eyes.  This  was  found  to  be  due  to  opacities  in  the.  vitreous  and 
posterior  cortical  cataract.  I  made  a  preparatory  iridectomy  on  both  eyes,  and 
subsequently  practiced  discission.  To  my  astonishment,  after  complete  resorp- 
tion, I  found  the  vitreous  clear.  I  imagine  that  aside  from  hastening  the  ripen- 
ing of  the  cataract,  the  iridectomy  had  a  favorable  influence  on  the  choroidal 
disease,  which  was  the  cause  of  the  opacities  in  the  vitreous. 

•  Those  who  have  experimentally  studied  the  nutritive  processes  in  the 
lens,  have  also  turned  their  attention  to  the  relation  existing  between  poste- 
rior polar  cataract  and  the  diseases  of  the  choroid  and  retina.  (Choroiditis 
disseminata,  chorio-  retinitis,  retinitis  pigmentosa,  etc.)  Thup  Bjieis^ 
and  Ulrich'.  The  latter  says,  "At  best,  even  under  normal  condi- 
ditions,  the  posterior  pole,  as  far  as  its  nourishment  is  concerned,  is  un- 
favorably situated,  and  if  we  stop  to  consider,  that  in  cases  of  so-called  cho- 
roidal cataract  those  conditions  are  found  in  which  the  function  of  the 
choroid,  as  the  source  of  nutrition,  has  suffered,  (chorio-retinitis  and  retini- 
tis pigmentosa),  to  use  a  short  expression,  we  might  designate  this  form  of 
cataract  as  inanition-cataract 

C, 

TOTAL  CONGENITAL  CATARACT. 

CATARACTA  CONGENITA  TOTALIS  OCULI  UTRIUSQUE. 

The  total  congenital  cataracts  are  always  present  on  both  eyes.  They 
may  be  soft,  even  fluid;  of  firm  consistence,  or  shrunken,  and  are  often 
adherent  to  the  iris. 

Up  to  the  time  of  the  publication  of  Becker^s  work  on  the  anaitomy 
of  the  lens,  no  cases  of  congenital  total  cataract  had  been  studied  anatom- 
ically. He  was  given  the  opportunity  of  examining  five  eyes  obtained  from 
three  children,  in  whom  cataract  existed  at  birth,  and  who  had  died  from 
intercurrent  diseases.  It  will  be  of  great  practical  value  to  cite  these  cases 
in  full,  since  they  will  give  us  the  key  to  the  proper  understanding  of  a 
number  of  congenital  cataracts,  which  were  examined  after  they  were  ex- 
tracted. 

CASE  1.— CATARACTA  CAPSULO  LENTICULARIS  CONGENITA. 
Peter  Buttmann,  of  Opan,  twenty  weelss  old,  was  brought  to  the  clinic 
July  29,  1877.    He  was  a  pale  anaemic  child,  and  was  being  raised  by  artificial 

2  Die  Emahrung  des  Auges  und  die  Abflusswege  der  Intra-ocularen  Flussig- 
keiten.   Arch.  f.  Aug.,  Bd.  VII,  p.  340. 

3  Uber  die  Emahrung  des  Auge  Graefe  Arch.,  Bd.  XXVI,  Bd.  3,  p.  43. 
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feeding.  According  to  the  statements  of  the  parents,  at  birth  hi8  pupils  were 
black.  At  the  end  of  two  months  they  observed  that  the  pupils  appeared 
cloudy.  From  the  fact  that  the  child  no  longer  followed  a  bright  object  with 
Its  eyes,  they  concluded  that  either  the  cliild  did  not  see  well,  or  possibly  was 
blind.  On  examination  both  cornea,  irldis  and  anterior  chambers  were  found 
normal.  Both  pupils  were  equally  grey,  and  reacted  promptly  tp  light.  Before 
an  operation  could  be  done  the  child  died  of  marasmus  on  July  2d.  Shortly 
after  death  both  eyes  were  enucleated  and  preserved  in  Muller's  fluid.  In  Jan- 
uary, 1882,  the  right  eye  was  cut  in  half  horizontally.  The  retina  was  in  posi- 
tion, the  vitreous  slightly  detached.  The  lens  and  capsule  had  retained  their 
normal  shape.  The  lens  showed  a  diffuse  grey  cloudiness  close  to  the  anterior 
capsule,  and  this  was  surrounded  by  a  darker  homogenous  mass.  Both  portions 
appeared  equally  hard.  Examination  of  the  vitreous  in  the  fresh  state  disclosed 
Innumerable  round  and  proliferating  cells. 

Both  halves  were  first  imbedded  in  glycerine  mass,  then  cut  in  the  equa- 
torial region,  and  the  anterior  half  reinibedded,  and  on  January  30th  cut  with 
the  microtome.  Whole  series  of  sections  0.01  ram.  in  thickness  were  easily 
obtained. 

The  equatorial  diameter  of  the  entire  lens  equals  7.77  mm.,  whereas  the 
equatorial  diameter  of  the  microscopically  cloudy  portion  equals  6.3  mm.  The 
length  of  the  axis  of  the  entire  lens  equals  4.5  mm.,  whereas  the  cloudy  portion 
equals  4.13  mm.  The  microscopical  examination  shows  that  the  form  of  the 
lens  is  due  to  the  uninjured  capsule.  The  thickness  of  the  latter  varies.  At 
the  anterior  pole  it  is  0.01  mm.  in  thickness;  posterior  to  the  equator  this  In- 
creases to  0.017  mm.,  and  at  the  posterior  pole  scarcely  reaches  0.0023  mm.  The 
cloudy  portion  is  really  the  part  of  the  lens  which  is  made  up  of  lens  fibres; 
the  darker  mass  which  surrounds  this  consists  of  coagulated  amorphous  fiuld. 
In  which,  here  and  there,  a  loosened  lens  fibre  is  imbedded.  Anteriorly  the  lens 
is  adherent  over  an  area  of  5.6  mm.,  to  a  developing  capsular  cataract  of  more 
than  0.2  mm.  thickness.  The  epithelium  is  wanting  in  the  area  of  the  capsular 
cataract.  In  the  interspace  of  the  fibrous  capsular  cataract,  innumerable  nuclei 
are  found,  which  are  beautifully  shown  by  double  stains  of  haemotoxylin  and 
oesin,  or  with  alum  carmin.  Close  to  the  capsular  cataract  the  capsular  cells 
are  well  preserved.  They  are  still  cubical,  and  whereas  the  capsule  sho"ws 
thickness  of  0.01  mm.,  they  are  equally  thiclc  and  high.  The  nuclei  show  a 
diameter  of  0.005  mm.,  and  o(*cupy  the  center  of  the  cells.  Soon  the  height  of 
the  cells  Increases,  and  reacli  a  height  of  0.002  mm.  At  the  same  time  the 
nucleus  does  not  increase  in  size,  but  approaches  closer  to  the  upper  end.  At 
the  same  time  the  capsule  grows  thinner,  and  measures  0.007  to  0.008  mm.  In 
the  equatorial  region  the  capsular  cells  attain  a  height  of  0.038  to  0.04  mm., 
whereas  the  capsule  diminishes  in  thickness  to  0.004  mm.  It  is  to  be  noted  that 
the  line  along  which  the  cells  begin  to  apply  themselves  slanting  lies  far  pos- 
terior to  the  equator. 

Inward  from  the  capsular  lamellae  lies  a  much  more  extended  second  layer 
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of  quite  regularly  arranged  epithelial  cells  of  much  larger  size.  These  cells 
attain  a  height  of  0.05  mm.,  and  a  width  of  from  0.02  to  0.04  mm.  The  nucleus 
has  the  same  diameter,  0.05  mm.,  as  the  epithelial  cells.  These  are  situated 
along  a  line  of  the  capsule  which  only  possesses  a  thickness  of  0.009  mm.,  and 
the  epithelium  a  height  of  0.025  mm. 

At  some  points  groups  of  these  epithelial  cells  lie  on  the  true  epithelium. 
That  these  cells  are  derived  from  the  true  epithelium  appears  from  the  fact 
that  some  of  the  latter  can  he  observed  undergoing  vesicular-like  changes  (goblet 
cells).  The  fot'mation  noted  in  all  the  sections  in  the  equatorial  region  In  all 
probability  are  produced  in  like  manner.  They  consist  of  a  tissue  which  re- 
minds one  of  a  capsular  cataract  (containing  more  cellular  elements  and  lens 
fibrous  tissue),  and  are  rich  in  coagulated  Morgagni*s  fluid,  which  fills  the  inter- 
spaces. As  far  as  these  structures  extend  the  epithelium  is  wanting.  Since 
the  configuration  in  all  sections  is  the  same,  hence  a  thick  process  extends 
posteriorly  within  the  capsule  toward  the  center  of  the  lens  Into  the  coagulated 
fluid.  The  centrally  located  solid  body,  on  very  fine  meridional  sections,  dis- 
closes beautifully  the  structure  of  the  embryonal  lens.  Lamella  after  lamella 
can  be  traced;  anteriorly  they  meet  in  a  narrow  fissure,  posteriorly  ending  in 
an  open  triangular  fissure.  The  fibres  on  both  sides  of  the  fissures  appear  to 
be  attempting  to  approach  each  other,  but  are  prevented  by  a  1  mm.  wide  solid 
nucleus,  which  consists  of  sagittal  curved  fibres.  In  this  nucleus  one  can  oasily 
recognize  the  lens  fibres  of  the  second  period  of  foetal  development,  whereas 
the  fibres  on  either  side  of  the  fissur  belong  to  the  third  period.  Nuclei  in  the 
final  stage  of  retrogressive  metamorphosis  are  only  recognizable  in  the  outer 
lamellae.  On  transverse  and  vertical  sections  the  fibres  disclose  a  peculiar  con- 
dition, which  becomes  especially  distinct  by  the  double  stain.  The  entire  tissue 
is  permeated  by  numberless  minute  drops,  which  at  first  give  us  the  impression 
of  being  nuclei  which  have  taken  the  stain  more  deeply.  This  inequality  of 
size,  lack  of  structure,  and  their  position  between  the  fibres,  precludes  the  pos- 
sibility of  their  being  nuclei.  They  remind  one  of  globules  of  fat,  a  condition 
which  was  lately  referred  to  again  by  Henle  and  Michel  as  occurring  In  the 
embryos,  and  the  new  born  chickens,  cats,  goats,  calves  and  rabbits.  Loosened 
lens  fibres  extend  out  into  the  fluid  which  surrounds  the  body  of  the  lens,  and 
these  plainly  indicate  the  progressive  disintegration  and  solution.  They  do  not 
show  the  well  known  fibre  endings,  but  the  edge  appears  as  though  they  had 
been  ''gnawed  at." 

If  we  would  now  attempt  to 'formulate  an  opinion  as  to  how  this  con- 
dition was  brought  about,  the  firs?t  thin^r  to  be  done  is  to  fix  the  time  when 
this  disease  process  began.  Tlie  concentric  structure  of  the  lens,  the  pres- 
ence of  the  tri-star  figure,  are  positive  indications,  that  the  formation  of  the 
lens  had  gone  on  uninterruptodly  with  the  third  period  of  foetal  develop- 
ment. The  size  of  the  lens  is  but  slijjhtly  less  than  that  of  a  new-bom  in- 
fant, hence  the  date  of  the  beginning  of  this  disease  could  not  have  been 
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far  from  the  date  of  birth.  In  fact,  there  is  no  reason  why  we  should  doubt 
the  assertion  of  the  parents,  that  the  disease  began  in  the  first  days  or  weeks 
after  birth.  I  look  upon  this  cataract  &&  congenital,  and  designate  it  as 
such;  and  I  feel  justified  in  so  doing,  since  Knies^  has  observed 
that  a  capsular  cataract  may  remain  perfectly  transparent  for  a  long 
time.  Though  one  must  acknowledge  the  possibility,  that  even  in  this 
case,  which  we  have  had  the  opportunity  of  examining,  that  this  disease 
only  set  in  subsequent  to  birth,  there  is  no  reason — since,  as  has  been  ob- 
sierved,  there  was  neither  any  other  external  or  internal  disease  of  the  eye 
nor  general  disease — why  it  could  not  be  possible  for  a  perfectly  analogous 
disease  condition  to  develop  during  the  last  month  of  intra-uterine  life. 
Undoubted  cases  of  co-ngenital  cataract  can  be  explained  by  this  method 
of  development. 

Since  the  examination  of  the  entire  eye  did  not  disclose  a  very  florid 
disease,  whi'ch  could  be  looked  upon  as  the  cause  of  the  cataract  formation, 
this  would,  on  the  other  hand,  indicate  that  the  cataract  formation  dated 
back  to  foetal  life  and  was  due  to  a  constitutional  disease,  the  traces  of 
which  could  no  longer  be  discovered. 

CASE  2.— CATARACTA  MORGAGXIANA  CONGENITAL  O  UTRI. 

Max?  Merz,  aged  seven  weeks,  died  January  10,  1883,  of  cholera  infantum, 
at  3:30  a.  m.,  and  the  post-mortem  was  iield  In  the  afternoon  at  2:30.  Both 
eyes  were  enucleated,  and  at  once  placed  in  Muller's  fluid,  where  they  remained 
for  six  weeks.  They  were  imbedded  in  celloldin  and  cut.  At  birth  the  obser- 
vation was  made  that  the  pupils  were  not  black  but  grey.  A  few  days  before 
death  atropine  was  instilled  into  the  eyes.  The  pupils  dilated  but  slightly.  The 
cataract  had  a  milky  color,-  evenly  diffused,  and  showed  no  striations.  The 
lens  had  the  same  appearance  after  enucleation.  After  the  one  eye  had  been 
prepared  so  as  to  permit  of  imbedding,  the  entire  lens  was  examined  by 
focal  illumination  and  by  transmitted  light,  using  a  Hartnack  objective  2  and 
Oc  IV.  The  periphery  of  the  lens,  which  was  not  much  reduced  In  volume, 
was  transparent,  and  along  the  equator  one  could  recognize  cellular  elements. 
EccentricaUy  situated  and  apparently  fixed,  one  could  observe  In  the  trans- 
parent capsular  sac,  the  reduced  in  size  and  transparent  nucleus.  Owing  to 
the  manipulation  preparatory  to  imbedding  and  placing  in  absolute  alcohol,  the 
entire  lens  appeared  somewhat  shrunken,  so  that  on  section  the  natural  form 
of  the  lens  had  suffered  somewhat.  The  microscopical  conditions  can  be  briefly 
given.  They  are  essentially  those  of  the  previous  case;  only  that  the  capsular 
cataract  in  the  pupillary  area  is  not  so  well  developed,  and  restricted  to  a  few- 
nodules.  As  a  result,  the  nucleus  is  not  adherent  anteriorly,  lies  obliquely  Id 
the  capsular  sac,  and  is  completely  surrounded  by  a  coagulated  homogenous 
fluid.    The  nucleus  discloses  the  same  beautiful  structure.     A  layer  of  large. 


1  Cataracta  Polaris  Anterior  und  Cataracta  Morgagniana.    Zehender*8  Kiln. 
Monatsblatt,  1880,  Bd.  XVIII,  p.  181. 


211 

tumescent  cells  lie  on  the  epitheUum,  and  posterior  to  the  equator  form  similar 
pictures.  With  these,  however,  the  formation  of  cells  does  not  cease,  but 
clothe  the  greater  part  of  the  posterior  capsule  with  epithelial  and  vesicular 
cells.  Aside  from  this  a  number  of  hyaline  excrescences  (Drusen)  are  Just  be- 
ginning to  develop  in  the  anterior  capsule,  mo  that  it  may  be  noted  that  these 
also  occur  in  young  Individuals. 

CASE  3.— CATARACTA  PLUIDA  CONGENITA  O  UTR. 

Lena  Schaul,  four  years  of  age,  was  brought  to  the  clinic  November  1,  1882, 
from  the  Mossbach  Institute  for  mentally  deficient  children.  She  was  so  in- 
animate that  she  had  to  be  fed  artificially,  since  she  would  not  swallow.  On 
November  7,  1882,  the  left  eye  was  operated  for  cataract.  The  second  eye  was 
not  operated,  since  the  patient  died  May,  1882,  of  diarrhoea,  fatty  liver  and 
"Schluck  pneumonic.**  The  right  eye  after  hardening  was  ^bedded  and  cut 
It  was  then  examined  with  a  Hartnack  obj.  2,  Oc.  IV,  and  was  found  but 
slightly  reduced  in  volume.  During  life  the  diagnosis  of  a  shrunken,  mem- 
branous cataract,  with  anterior  capsular  cataract,  had  been  diagnosed.  On 
dilating  the  pupil  the  observation  had  been  made,  that  in  the  middle  of  the 
anterior  capsule,  equal  to  about  a  medium-sized  pupil,  a  white  light  was  re- 
fiected.  whereas  in  the  periphery  it  was  transparent.  We  believed  we  were 
dealing  with  a  form  of  cataract  presently  to  be  described,  notwithstanding  the 
fact  that  while  operating  the  left  eye  it  was  only  possible  to  extract  the  an- 
terior capsule  with  the  cellular  hyperphasia  adherent  thereto.  This  capsule, 
hardened  in  alcohol  and  stained,  showed  a  moderate  cellular  hyperphasia  with- 
out formation  of  fibres. 

Sections  of  the  lens  show  very  considerable  shrinkage,  as  the  result  of 
manipulation  previous  to  and  subsequent  to  imbedding.  This  shrinking  has 
assumed  a  higher  degree  than  in  the  previous  case,  since  it  was  shown  that  the 
nucleus  of  th)s  cataract,  which  at  other  times  bears  the  greatest  resemblance 
to  the  previous  cases,  was  entirely  resorbed.  It  is  to  be  noted  that  aside  from 
the  cellular  hyperplasia,  here  also  "Drusen"  are  present;  the  whorl  along  the 
equator  can  still  be  recognized  to  a  certain  extent,  and  as  a  rule,  there  is  no 
epithelium  along  the  posterior  capsule.  The  capsular  sac  is  partly  filled  with 
coagulated,  homogenous  fiuid,  partly  with  vesicular  cells. 

CASE  4.-CATARACTA  MEMBRANACEA  CONGENITA. 

Louise  Flesch,  aged  twelve  months  (Fischbach),  was  taken  up  in  the  clinic 
In  March,  188Q,  with  total  cataract  on  both  eyes.  There  was  slight  nystagmus 
on  both  eyes,  cornea  clear,  no  synechia;  both  pupils  reacted  rapidly  to  light. 
Both  lenses  were  moderately  cloudy,  and  reflected  a  grey  light.  The  eyes  fol- 
lowed the  light.  After  a  previous  iridectomy  discission  was  done.  Apparently 
the  capsule  was  incised,  but  no  cataractous  masses  escape.  The  child  was  sent 
home  again,  and  subsequently,  first  on  the  right  and  then  on  the  left  eye,  an 
incision  was  made  with  the  lance,  and  the  thickened  capsule  extracted  with  the 
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forceps.  In  both  eyes  portions  of  the  capsule  and  tumescent  substance  re- 
mained behind.  The  extracted  portions  were  preserved  in  alcohol,  and  were 
not  imbedded  until  the  spring  of  1882.  The  thiclcness  cf  the  capsule  equaled 
0.008  mm.,  the  height  of  the  epithelial  cells  a  little  more  than  0.01  mm.  In  the 
center  of  the  anterior  capsule  lies  a  thick  capsular  cataract,  whereas  the  latter 
portions  are  free  of  the  same.  At  the  border  of  the  capsular  cataract  one  can 
observe  how  a  very  thin  lamella  of  the  capsule  separates  from  the  remainder, 
and  covers  the  cataract  on  its  inner  surface.  (N.  B.— See  the  pathology  of  cap- 
sular cataract  for  the  later  and  more  correct  ideas  on  this  subject.) 

These  four  cases  undoubtedly  illustrate  various  stages  of  the  same  pro- 
cess. The  general  conditions  found  present  in  all  these  cases  consist  in  the 
taking  up  of  an  abnormal  quantity  of  fluid  inside  of  the  capsule  of  a  fully 
developed  lens  (foetal  period  of  growth).  This  fluid  accumulated  between 
the  lens  and  its  capsule,  which  separates  the  former  posteriorly  from  the 
capsule;  anteriorly  and  in  the  equatorial  region,  from  the  epithelium.  In 
all  these  cases  this  condition  leads  to  a  hyperplasia  of  the  intracapsular 
cells.  In  the  case,  Buitmann,  this  process  was  so  active  in  the  pupillary 
area,  as  to  lead  to  the  fixation  of  the  lens  proper  by  means  of  the  forming 
capsular  cataract;  in  the  ca^e,  Merz,  a  like  condition  is  nofed,  but  it  appears 
after  the  body  of  the  l^ens  ^wd  been  separated  completely  from  the  epithe- 
lium, more  active  changes  had  followed.  The  lens  proper  sank  to  the  bot- 
tom of  the  capsular  sac,  hence  lies  eccentric  and  is  much  reduced  in  size. 
In  the  case,  Lena  Srhaub,  the  nucleus  was  completely  resorbed.  At  the 
same  time,  one  must  bear  in  mind  that  this  patient  was  four  years  of  age, 
hence  the  cataract  was  much  older  than  the  others.  In  the  fourth  case  we 
may  assume  that  the  body  of  the  lens  was  likewise  absorbed.  The  cap- 
sular cataract  was  highly  developed,  and  on  its  inner  surface  one  can  still 
observe  vesicular  cells.  Though  only  the -anterior  capsule  was  extracted, 
one  finds  recorded  in  the  history  of  the  case,  on  the  date  of  her  discharge 
from  the  hospital,  the  remark,  that  the  pupil  of  the  left  eye  is  totally  black 
and  that  it  is  impossible  to  detect  any  cataractous  remains  and  that  the 
right  eye  shows  but  slight  remains  posterior  to  the  iris. 

In  the  first  three  cases  in  which  the  lenses  were  observed  during  the 
life  of  the  patients,  they  appeared  as  vesicles  having  the  normal  form  of 
the  lens.  Though  the  lenses  appeared  somewhat  smaller  than  one  would 
expect  to  find  them  at  that  time  of  life,  they  nevertheless  did  not  present 
the  appearance  of  a  catarada  memhranaceay  a  condition  which,  from  their 
appearance  during  life,  one  would  have  expected  to  find. 

As  to  the  aetiology,  the  occurrence  on  both  eyes  favors  a  cause  presen; 
in  the  general  organism.  The  nature  of  this,  since  the  cause  appears  to  ha^e 
been  active  dnrin<?  foetal  life,  can  not  bo  stated.    But  that  nutritive  conoi- 
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tions  seem  to  play  an  important  role,  appears  to  be  attested  by  the  fact, 
that  in  all  three  cases  in  which  we  examined  the  cataract  in  the  eye,  the 
vitreous  showed  marked  changes.  In  both  the  cases,  Buitmann  and  Merz^ 
the  vitreous  was  permeated  by  proliferating  cells,  which  frequen<tly  showed 
long,  swollen  processes.  In  the  case  of  hena  Schauh,  the  cells  were  more 
sparsely  distributed,  but  all  showed  numerous  and  dilated  processes. 

Besides  this,  the  fact  is  especially  worthy  of  note,  that  in  all  these 
cases  so  far  examined,  the  eyes  showed  no  other  signs  of  an  inflammatory 
process.  In  order  to  be  perfectly  certain  in  this  matter,  I  examined  the 
vitreous  of  a  large  number  of  eyes  taken  from  the  new-born  and  very 
young  children,  and  though  I  always  found  in  this  fluid  an  increased  num- 
ber of  cellular  elements,  as  compared  with  the  vitreous  of  the  adult,  in  not 
a  single  case  did  I  find  those  forms  which  justilr  us  in  stating  that  there 
is  an  inflammatory  irritation  of  the  vitreous.  From  this,  one  may  conclude 
that  where  the  vitreous  shows  the  evidence  of  an  active  cellular  prolifera- 
tion, by  the  presence  of  large  numbers  of  cells,  the  vitreous  fluid  is  chem- 
ically altered,  and  hence  supplies  to  the  lens  an  abnormally  constituted 
nutritive  material. 

Had  the  second  and  third  cases  coincided  entirely  with  the  first,  one 
might  form  an  idea  as  to  the  point  where  the  first  pathological  changes 
begin  in  such  a  case.  The  absence  of  epithelial  cells  along  tlie  posterior 
cApsule  and  the  presence  of  the  peculiar  hyperplasias  of  cells  along  the 
whorl — hence  there,  where,  under  normal  conditions,  the  nutritive  stream 
gains  entrance  to  the  lens — indicate  ver}-  strongly  that  it  is  just  at  thoge 
places  where  the  initial  changes  begin,  making  it  impossible  for  new  fibres 
to  form,  and  prevent  the  further  surface  advance  of  the  dividing  epithelial 
cells,  so  that  the  new-formed  cells  are  piled  up  on  top  of  each  other,  and 
finally  lead  to  the  formation  of  a  capsular  cataract.  The  difference  in  the 
ease,  Merz,  may  be  explained  as  due  to  a  les«  intense  action  along  the  whorl, 
so  that,  though  the  formation  of  new  lens  fibres  was  prevented,  it  was  not  so 
with  the  further  advancement  and  formation  of  new  epithelial  cells.  In 
the  case,  Lena  Schauh,  since  no  perceptible  changes  were  found  along  the 
whorl,  this  explanation  could  not  be  accepted  without  further  explanation. 

It  appears  that  in  the  above-described  cases,  in  which  neither  remains 
of  the  hyaloid  artery,  nor  the  vascular  capsule  of  the  lens,  nor  a  foetal  iritis 
are  presen«t,*  the  genesis  of  all  those  cases  of  congenital  or  total  cataract 
occurring  on  both  eyes  during  the  first  years  of  life  i^^  given.  This  is  true 
as  well  of  those  in  which  a  portion  of  the  lens  is  still  present  as  in  those 
which  simply  consist  of  capsule,  hyperplasia  of  capsular  cells  and  fluid, 
which  latter  we  have  been  in  the  habit  of  designating  as  shrunken  cata- 
racts.    It  is  possible,  in  course  of  time,  according  to  the  mode  of  devel- 
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opment,  for  shrunken  cataracts  to  form.  Nor  can  it  be  denied  that  where 
such  a  cataract  is  not  operated  and  remains  in  situ  to  very  advanced  age, 
the  fluid  in  the  capsule  may  be  absorbed,  and  then  appears  as  ^  mem- 
branons  cataract  {cataracta  membranacea).  Only  differing  from  cataracta 
fnenibranacea,  axe  those  forms  which,  on  account  of  their  similarity  to  fruits 
dried  in  the  pod,  have  been  given  the  name,  cataracta  arida  siliquata,  by 
Adam  Schmidt.  Such  a  cataract,  including  its  capsule,  seems  to  have  a 
thickness  of  2  to  3  mm.,  is  a  perfectly  opaque,  yellowish  white,  caky  mass, 
and  appears  to  be  composed  principally  of  dried-up  lens  substance.  Fre- 
quently one  observes,  associated  with  such  a  cataract,  a  more  or  less  ex- 
tensive tearing  of  the  zonula  zindi,  and  then  it  trembles  with  every  move- 
ment of  the  eye;  and  it  is  then  called  a  trembling  or  floating  cataract. 
(Cataracta  treraula  vel  natatilis).  Arlt  drew  attention  to  the  fact  that  such 
"dried-pod^^  cataracts,  as  w^ell  as  the  membranous,  seem  to  adhere  to  one  or 
more  places  in  the  periphery,  and  hence,  where  repeated  attempts  are  made 
to  depress  them  into  the  vitreous,  they  always  seem  to  rise  up  again. 
(Cataracta  elastica).  This,  however,  can  be  partially  explained  by  the  fact, 
that  both  of  the  forms,  owing  to  their  being  so  dry,  are  specifically  lighter 
than  the"vih^eou8.  Here  at  least  the  suggestion  of  Pauli  may  be  adopted,  to 
perform  reclination  upward.  Where  the  contents  of  the  cataracta  tremula 
or  natatilis  is  fluid,  this  cataract  will  assume  the  shape  of  an  almost  globu- 
lar relaxed  bladder  (cataracta  cystica).  This  capsule  filled  with  fluid  ap- 
pears always  to  seek  its  equilibrium.  In  his  "Pathology  and  Therapie," 
page  249,  Becker  describes  the  following  interesting  case: 

In  1874  I  extracted  from  the  eyes  of  a  womao,  36  years  of  age,  two  con- 
genital, shrunken,  membranouB  cataracts,  which  were  not  adherent  to  the  iris. 
Her  statement  that  these  cataracts  had  existed  since  birth  was  worthy  of  be- 
lief, since  she  also  had  nystagmus.  The  question  as  to  whether  both  these  cat- 
aracts were  shrunlcen,  or  whether  they  were  soft  cataracts  which  had  subse- 
quently during  extra-uterine  life  become  membranous,  may  be  set  aside.  Both 
cataracts  answered  the  above  anatomical  description  exquisitely.  Especially 
w^ell  shown  were  the  cellular  elements  in  the  fibrous  tissue.  I  do  not  doubt  but 
that  the  entire  cataract  took  its  origin  from  the  capsule  cells.  Dr.  Raab  made 
the  examinatio.  (N,  B.— This  same  case  is  cited  in  Becker's  Anatomie,  p.  40, 
Figure  22,  as  "Cataracta  Capsularis  Congenita." 

The  operation  was  done  as  follows:  First  an  iridectomy  was  made;  the  cat- 
aracta membranacea  was  then  grasped  by  forcing  one  branch  of  the  forceps 
through  the  zonula,  so  that  it  passed  behind  the  cataract  and  into  the  vitreous, 
and  then  by  slow  and  steady  traction  the  cataract  was  gradually  extracted. 
After  an  interval  of  several  months,  when  the  patient  again  presented  herself, 
a  most  peculiar  condition  was  present.  After  dilating  the  pupil  the  zonuUi  of 
zinii  came  into  view.    This  had  remained  in  position,  had  a  faint  grey  color. 
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and  presented  the  appearance  of  a  striated  All  for  the  neck.  This  had  a  per- 
fectly circular  central  hole  about  the  size  of  a  moderately  dilated  pupil,  and  on 
moving  the  eye  no  motion  of  its  own  could  he  detected.  Consequently  the 
zonula  had  not  retracted.  That  this  was  so  plainly  visible  is  no  doubt  due  to 
a  pathological  thickening  which  took  place  at  the  time  the  shrinking  process 
of  the  cataract  was  going  on. 

Finally,  the  cases  Buttmann  and  Merz  offer  an  explanation  for  a  large  num- 
ber of  clinical  observations,  which  formerly  were  designated  as  Cataracta  Mor- 
gagniana  in  Children,  Both  Janin  and  Arlt  have  reported  cases  in  which  they 
have  operated"  for  cataract,  where  on  opening  the  capsule  a  cloudy,  milky  or 
blueish  fluid  escaped,  a  transparent  nucleus  remaining  behind,  which  later  on 
became  cloudy.  A  cataract,  as  observed  In  the  case  Merz,  might  take  such  a 
course,  if  one  will  assume  that  the  nucleus,  as  far  as  this  still  exists,  permits 
to  a  degree  the  transmission  of  light. 

CONGENITAL  HARD  NUCLEAR  CATARACT.  Graefe's  Oases,  1 
to  3,  have  awakened  another  train  of  thought  which  I  would  fain  express 
here.  In  the  year  1879,  Alfred  Graefe  drew  attention  to  a  form  of  congen- 
ital cataract  which  up  to  this  time  had  seldom  been  recognized,*  but  which 
previously  had  been  recognized  by  Mooren.^  This  form  was  characterized 
by  its  excessively  hard,  wax-like  consistency.  This  form  always  occurs  on 
both  eyes  as  a  total  cataract,  and  the  volume  is  always  equal  to  that  of  the 
phyaologioal  lens.  The  cloudiness  is  more  homogenous,  or  possibly  in- 
.  creases,  toward  the  centre.  It  is  a  greyish  white,  or  perfectly  grey  in  color. 
It  has  no  tendency  to  shrink  or  to  complications.  Capsular  cataracts  do 
not  occur.  Since  discissions  are  of  no  avail,  extraction  must  be  done.  Just  • 
corroborates  these  Sitaitements,  and  reports  seven  extractions  done  on  four 
children,  all  between  the  seventh  and  the  fifteenth  month.  In  all  these 
cases,  according  to  the  statements  of  the  parents,  the  cloudiness  in  the  lens 
did  not  develop  until  after  birth.  In  two  of  the  cases  the  thickened  capsule 
was  subsequently  removed  with  the  forceps.  Just's  cases  differ  from  Von 
Graefe's  insomuch  that  the  former  reports  the  presence  of  capsular  cataract. 
Just  was  kind  enough  to  send  me  four  of  the  cataracts  and  the  two  capsules 
for  microscopical  Investigation.  The  latter  showed  capsular  cataracts,  without 
the  presence  of  much  intercellular  substance.  Unfortunately  the  nuclei  were 
too  friable  to  permit  of  making  of  fine  sections.  In  teased  specimens  no  ab- 
normal formation  of  the  lens  could  he  detected.  Hence,  the  examinations  gave 
but  a  negative  result. 

These  Graefe-Just  congenital  nuclear  cataracts  can  scarcely  be  looked 

4Uber  Oongenitalen  harten  Kernstaar  Sitzungs  Bericht  der  Heidelberger 
Congress,  1879,  p.  26. 

6  Optbalmiatr.  Beobachtungen,  Berlin,  p.  209.   1867. 

6  Kemstaare  im  Kindesalter.   Centralblatt  fur  Aug.,  January,  1880. 
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upon  as  anything  otiier  than  cataracfts  agreeing  with  the  type,  Butimann. 
If  one  will  assume  that  a  lens  which  has  become  adherent  to  the  anterior 
capsule  by  means  of  a  capsular  cataract,  is  not  reabsorbed,  but  persists  and 
becomes  saturated  with  a  fluid  which  coagulates  easily,  one  can  easily  un- 
derstand how  this  will  become  changed  in  a  more  homogenous  waxy  mass, 
and  then  we  have  before  us  the  congenital  hard  nuclear  cataract.  If,  on  the 
other  hand,  the  nucleus  is  not  fixed,  one  can  further  assume,  as  in  cases, 
Merz,  Schaith  and  Flesch,  that  this  will  gradually  be  dissolved  and  re- 
sorbed.  Thus,  in  congenital  total  cataract,  we  would  have  a  twb-fold  final 
stage,  one  corresponding  to  the  cataracta  hypermatura  reducjta^  and  the 
other  to  the  cataracta  Morgagniana, 

CATARACTS  OF  SUDDEN  DEVELOPMENT. 

In  one  of  Just's  cases,  the  mother  saw  the  cataract  develop  during  the 
time  the  child  had  a  convulsion.  He  cites  another  case,  according  to  which 
the  mother  likewise  saw  the  cataract  develop  in  the  course  of  a  few  minutes. 
The  child  (her  sixth)  was  eight  weeks  old;  two  other  children  in  the  same 
family  had  congenital  cataract.  Just,  who  had  previously  examined  the 
child,  and  found  the  eyes  healthy,  saw  the  case  two  hours  after  the  occur- 
rence, and  found  a  ripe  cataract  on  the  left.  Such  occurrence  may  like- 
wise be  explained  by  our  anatomical  examinations,  if  one  w^ill  imagine  that 
just  at  the  moment  the  mother  observed  the  cloudiness,  the  nucleus  of  the 
lens  changed  its  position  in  the  capsule. 

TOTAL  ACQUIRED  (^ATARACT  (OX  BOTH  EYES). 

D. 
CATARACTA    MOLLII    JUYEXUM.      (CATAKACTA  DIABETICA.) 

As  the  result  of  direct  observation,  we  know  as  yet  but  little  of  the 
changes  which  the  elements  of  the  human  lens  undergo  during  the  forma- 
tion of  a  soft  total  cataract.  Those  authors  who  have  attempted  to  experi- 
mentally produce  cloudiness  of  the  lens,  either  as  the  result  of  the  with- 
drawal of  water,  or  of  the  action  of  intense  cold,  report  the  formation  of 
vascuoles  in  the  epithelium  and  in  the  lens  fibres.  In  both  of  the  spon- 
taneously developed  soft  human  cataracts  which  I  have  been  enabled  to 
examine  in  their  normal  position  in  the  eye,  I  was  enabled  to  find  these 
vacuoles  in  and  between  the  fibres,  but  not  in  the  epithelial  cells. 

Besides  the  case  of  rapidly  developing  soft  cataract  subsequent  to  a 
detaohment  of  the  retina,  in  a  woman  forty  years  of  age,  (reported  on  page 
200),  I  (Becker)  have  had  the  opportunity  of  examining  one  other  soft, 
tumescent  cataract,  in  a  nineteen  year  old  diabetic  patient.     Since,  aside 
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from  this,  the  diabetic  cataract  is  tlie  very  paradigma,  par  excellence,  of 
a  constitutional  cataract,  it  will  be  eminently  proper  to  describe  this  form 
more  fully.  And  an  unrestricted  elucidation  of  the  various  controversies 
existing  concerning  the  genesis  of  diabetic  cataract  will  aid  us  in  formulat- 
ing an  opinion  as  to  the  manner  in  which  con}:>titutional  cataract  develops. 

Case.  B.  W.,  19  years  of  age,  from  H.,  a  blonde,  poorly  nourished  girl,  with 
a  dry  skin,  sufTered  from  diabetes.  Two  days  after  an  extraction  had  been 
done  on  the  left  eye,  and  a  preliminary  iridectomy  on  the  right,  she  died  of 
diabetic  coma.  The  eye,  which  was  removed  twenty-three  hours  after  death, 
remained  in  Muller's  fluid  seven  years  before  it  was  examined.  (Figures  24,  25, 
26  and  Plates  V  and  YI  were  made  from  the  sections.)  The  corneal  epithelium 
was  plainly  preserved,  notwithstanding  the  long  time  the  specimen  had  been 
in  MuUer's  fluid,  and  showed  perfectly  distinctly  the  nuclei  under- 
going division.  The  epithelium  had  l)egun  to  grow  down  Into  the  iridectomy, 
wound.  The  stump  of  the  iris,  as  well  as  the  posterior  surface  of  the  same, 
show  an  enormous  tumescence  of  the  pigment  cells.  These  are  so  large  that 
one  can  easily  see  the  nuclei,  a  thing  which  under  normal  conditions  is  very 
dlfllcult  Likewise  the  portion  of  the  iris  on  which  the  pigment  rests  is  oede- 
matously  swollen.  Around  the  periphery  of  the  iris  there  is  a  pigment  ring, 
which  is  raised  to  an  almost  veritable  swelling,  as  the  result  of  an  infiltration 
with  an  amorphous  fluid.  There  must  have  been  pathological  changes  in  the 
posterior  segment  of  the  eye  previous  to  the  operation,  for  immediately  behind 
the  lens  traces  of  blood  can  be  found  in  the  vitreous.  I  have  not  been  able  to 
decide  from  which  vessels  this  has  come. 

We  are,  however,  interested  more  especially  in  the  conditions  of  the  lens. 
This  has  an'  equatorial  diameter  of  8-2  mm.  and  a  sagittal  of  4-8  mm.  This 
almost  globular  form  is  due  to  the  excessive  taking  up'of  water  Inside  the  cap- 
sule, w^hieh  is  partly  situated  between  the  lamellae  and  lens  fibres,  and  partly 
in  larger  quantity  between  the  lens  proper  and  its  anterior  and  posterior  cap- 
sule. Anteriorly  this  layer  equals  0.53  mm.  in  thickness,  posteriorly,  0.65  mm. 
Only  along  the  equator  do  we  find  the  nuclear  zone  and  whorl  still  in  contact 
with  the  capsule.  This  fluid,  which  has  been  taken  up  in  the  capsule,  is  firmly 
coagulated;  hence,  has  not  fallen  out  of  the  finer  sections.  At  the  anterior  pole 
capsule  has  a  thickness  of  0.019  mm.,  at  the  posterior,  0.008  mm.  If  one 
[amine  carefully  with  a  high  power  the  epithelium  of  the  anterior  capsule, 
one  will  find  it  undergoing  a  hyi)orpla8la  nt  the  anterior  pole.  As  yet,  neither 
pearls  nor  large  accumulations  of  cells  have  formed,  but  at  numerous  points 
several  layers  of  cells  can  be  found.  Internal  to  the  layer  of  cells  is  a  regular 
layer  of  albuminous  globules.  Toward  the  equator  the  epithelium  is  beauti- 
fully and  regularly  arranged,  and  the  whorl  is  of  extraordinary  beauty.  A  num- 
ber of  sections  show,  immediately  posterior  to  the  whorl,  an  extensive  forma- 
tion of  large  vesicular  cells.  Toward  the  center  of  the  lens  the  fibres  and  la- 
mellae of  the  lens  are  separated  from  each  other,  and  as  a  result  large  spaces 
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have  formed,  wblcb  are  filled  with  coagulated  fluid.  This  has  a  tendency  to 
form  globules  similar  to  the  tissue  fluid  of  the  lens.  Whereas  the  normal  width 
of  the  lens  fibres  equaled  0.010  mm.,  the  smallest  diameter  found  equaled 
0.019  mm.  Only  in  the  peripheric  fibres  did  I  find  any  signs  of  deterioration, 
disintegration  of  the  lens  fibres,  formation  of  vacuoles,  or  punctate  cloudy 
spots. 

The  reaction  of  the  various  stains  on  the  lens  was  especially  interesting. 
Alum  carmin,  which  otherwise  is  exceedingly  good  for  staining  nuclei,  stains 
the  entire  specimen  equally,  but  does  not  show  the  nuclei  with  any  prominence. 
Likewise  haemotoxylin.  But  beautiful  and  useful  specimens  are  derived  by  the 
use  of  double  stain  haemotoxylin  eosin.  But  even  in  these  the  nuclei  at  times 
hardly  take  up  sufficient  stain  to  make  useful  specimens.  This  is  very  re- 
markable, since  only  here  and  there  over  the  entire  capsule,  certain  nuclei  take 
the  stain  more  intensely  and  appear  larger.  The  number  of  these  darkly  stained 
nuclei  increase  toward  the  equator.  At  the  whorl,  however,  all  are  pale,  show- 
ing the  various  stages  of  dege'beration  to  veritable  death  of  the  nuclei.  As  a 
result  of  this  double  stain,  we  discern  delicate  chemical  differences,  which 
would  not  otherwise  have  been  discovered.  Thus  we  find  in  all  peripheral  sec- 
tions, which  have  not  been  extensively  fissured,  dark  blue  dots  and  spots,  which 
have  a  great  resemblance  to  the  fat  drops  observed  in  youthful  lenses.  Like- 
wise, the  spindle-shaped  bodies  or  interspaces  appear  blue.  But  It  must  as  yet 
remain  undecided  whether  or  not  this  is  the  result  of  sugar  contained  In  the 
tissues,  or  whether  this  is  simply  the  result  of  the  action  of  the  hardening  ma- 
terial. 

But  in  applying  the  results  of  the  anatomical  examination  to  the  clinical 
observations  made  on  the  living  eye,  one  must  not  forget  that  this  was  a 
cadaverous  eye,  which  had  been  preserved  seven  years  in  Muller's  fiuid.  The 
girl  died  January  11,  1874,  at  1:45  p.  m.,  and  t  he  post-mortem  examination  was 
made  the  following  day  at  12  o'clock.  Notwithstanding  the  low  temperature 
during  the  month  of  January,  sufficient  time  has  elapsed  to  allow  the  forma- 
tion of  Morgagni's  globules  on  the  inner  surface  of  the  epithelium;  nevertheless, 
the  time  was  certainly  too  short  to  permit  of  so  large  an  amount  of  water  being 
taken  up  in  the  capsule.  Nevertheless,  hundreds  of  specimens  which  have  been 
preserved  in  like  manner  do  not  show  such  a  condition.  Hence,  we  may  assume 
that  the  hydropsia  occurred  during  life. 

Ossowidzki  '^  collected  all  the  historical  notes  relating  to  the  occurrence 
of  grey  cataract  in  patients  suffering  with  diabetes  mellitus.  From  the 
more  recent  literature,  I  will  only  quote  that  which  seems  to  be  most  im- 
portant. 

1.  Reports  vary  greatly  concerning  the  frequency  of  cataract  in  dia- 

7Uber  die  bel  der  Zuckerruhr  Vorkommenden  Augenkrankheiten.  Berlin. 
1809. 
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betic  patients.  Fauconneau-Duf resne  ^  found  them  in  0.6  per  cent.,  J. 
Mayer*  in  3  per  cent.,  Seegen^®  in  4  per  cent.;  whereas,  Von  Graefe  esti- 
mated its  occurrence  in  as  high  as  25  per  cent,  of  cases,^^  In  14^  years,  I 
(Becker)  have  treated  60,000  eye  patients,  and  among  these  I  found  twelve 
cataracts  in  six  diabetic  patients;  on  five  of  these  patients  I  made  seven  ex- 
tractions during  this  time.  Hirschberg^  claims  to  operate  six  to  eight 
diabetic  cataracts  yearly,  and  among  the  last  150  cataract  patients  consult- 
ing him  in  private  practice,  six  had  diabetes. 

2.  The  diabetic  grey  cataract  may  occur  at  any  period  of  life;  it  is 
stated, -however,  to  occur  most  frequently  in  youth.  The  youngest  patient 
with  cataract  reported  is  a  girl  twelve  years  of  age.  (Seegen,  No.  23).  My 
(Becker^s)  patients  were,  respectively,  19,  27,  38,  40,  62,  and  63  years  of  age, 
whereas  I  recollect  that  formerly  I  operated  a  number  between  the  ages 
of  18  and  35,  and  some  of  these  were  blood  relations.  Seegen^s  six  diabetic 
cataract  patients  were,  respectively,  12,  39,  47,  53,  56,  and  64  years  of  age. 

3.  More  women  seem  affected  than  men.  Among  Seegen's  cases,  four 
were  women,  two  men.     In  my  cases,  the  number  was  equal. 

4.  In  diabetes  more  frequently  than  in  other  conditions,  the  cataract 
develops  simultaneously  in  both  eyes,  or  only  a  very  short  interval  inter- 
venes before  its  development  on  the  second  eye.  Seegen's  twelve  year  old 
girl  is  said  to  have  had  cataract  only  on  her  left  eye,  but  it  appears  that 
she  remained  under  observation  but  a  short  time. 

5.  Usually  one  finds  large  quantities  of  sugar  in  the  urine,  and  the 
general  condition  of  the  body  very  much  reduced.  The  cases  in  which  this 
is  not  found  to  hold  true,  is  in  older  people;  Seegen,  53;  Foerster,  52;  my 
own  cases,  62  and  63  years. 

6.  The  form  of  cataract  w^hich  develops  in  a  diabetic  patient,  as  a 
rule,  depends  on  the  age  of  the  patient  at  the  time  of  its  development. 

In  his  "Pathology  and  Therapie,'^  page  270,  Becker  states,  "Since  the 
causative  disease  is  not  limited  to  any  particular  period  of  life,  hence  the 
cataract  may  develop  in  different  varieties;  in  young  individuals  as  a  total 
soft  cataract,  in  the  aged  as  a  mixed  cataract.     Hence,  from  its  general 

8  Leber.  Uber  die  Erkrankungen  des  Auges  bel  Diabetes  Mellltus.  Arch, 
f.  Opth.,  Bd.  XXI,  3. 

9  Uber  die  Wlrksamkelt  von  Karlsbad,  Diabetes  MeUltus.  Berlin  Kiln. 
Wocheu.,  1879. 

lODer  Diabetes  Mellltus.   Lelpslg,  1870. 

u  Foerster-Bezlehungen  der  Algemein-Lelden  und  Organ  Erkrankungen  zu 
Veranderungen  unf  Krankhelten  des  Sehorgans  Graefe  Saemlsch,  Bd.  VII,  Cap. 
XIII,  p.  219. 

12  Uber  Staar  Operatlonen  und  DIabetlsch  C.  Deutsch.  Med.  Wochenschrlft, 
No.  37.  1889. 
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appearance,  one  is  not  enabled  to  make  the  diagnosis  of  diabetic  cataract. 
One  does,  however,  frequently  observe  tendency  to  a  rapid  retrogressive 
metamorpliosis."  Foerster  states,  "that  in  the  great  majority  of  cases  in 
old  people,  the  cataract  develops  just  as  it  would  in  the  senile  form.  There 
are,  however,  cases  in  which  the  cataract  develops  in  an  entirely  different 
manner.  This  form  of  diabetic  cataract  may  be  recognized,  and  has  some- 
thing peculiar  in  its  fonnation.  First,  the  cortical  lamellae  immediately 
beneath  the  capsule  become  cloudy;  a  thin,  bluish  grey  film  permeates  the 
entire  anterior  surface  of  the  lens,  and  its  position  immediately  behind  the 
edge  of  the  pupil  demonstrates  that  the  most  external  layers  of  the  cortex 
are  involved.  Its  color,  so  far  as  it  is  confined  to  the  sections  of  the  super- 
ficial lamellae,  is  homogenous.  Whereas  in  other  cases  this  facetting  of  the 
sectors  of  the  superficial  layers  of  the  lens  is  one  of  the  last  acts  in  the 
formation  of  cataract,  it  is  here  noted  as  one  of  the  first.  The  nucleus  and 
the  deep  lamellae  are  not  entirely  transparent,  as  can  be  seen  by  focal 
illumination.  In  the  course  of  a  few  weeks,  the  deep  layers  are  involved, 
and  finally  a  bluish,  soft,  non-nuclear  cataract  results,  which  can  not  be 
differentiated  from  the  cataracts  of  youthful  individuals.  This  always 
occurs  simultaneously  on  both  eyes.  I  have  only  observed  this  form  in 
young  individuals  up  to  the  twentieth  year,  and  at  the  very  beginning  the 
appearance  of  the  lens  is  so  characteristic,  that  from  this  alone  on  several 
occasions  1  have  predicted  sugar  in  the  urine. 

As  my  (Becker's)  observations  do  not  agree  with  the  above  description, 
and  as  we  shall  see  that  other  authors  likewise  lay  great  stress  on  the  appear- 
ance of  the  cataract,  I  will  give  the  description  of  all  my  cases. 

Case  No.  1.  R.  W.,  of  H.,  aged  9  years,  was  the  youngest  individual.  The 
cataract  on  the  left  eye  was  extracted  January  8,  1874,  and  had  the  appearance 
of  a  lens  which  had  l)ecome  cloudy  very  rapidiy,  was  a  tumescent  bluish  white 
soft  cataract.  The  iris  shadow  was  very  pronounced.  Examination  for  sugar 
was  not  made.  On  December  4,  1873,  the  right  eye  was  noted  as  cataracta  cor- 
ticalis  posterior.  At  the  time  of  the  extraction  of  the  first  the  second  had  ma- 
terially increased;  nevertheless,  she  stiU  counted  fingers  at  5-6  feet. 

Case  No.  2.  A.  S.,  a  farmer  from  W.,  aged  27  years,  has  had  diabetes  for 
a  long  time.  At  times  8V2  per  cent  sugar  in  the  urine.  In  1882  he  noticed  that 
the  sight  of  the  right  eye  was  failing,  and  on  December  16th  he  could  only 
recognize  the  movements  of  the  hand.  Projection  good.  The  cataract  had  a 
mother  of  pearl  appearance,  tumescent,  and  the  lens  star  is  darker  and  seems 
to  stand  out  from  the  cloudy  fibres.  The  iris  shadow  is  well  marked.  The  left 
eye  has  a.  M.  3.  A',  cijuals  ,«,  Lens  is  dear.  March  19th,  three  months  later, 
the  patient  was  e.vamined  again.  On  the  right  eye  the  cataract  was  somewhat 
shrunken.  Anterior  chamber  deep.  Iris  shadow  marked.  The  dark  grey  lens 
could  only  be  detected  by  oblique  illumination.    The  substance  of  the  lens  shows 
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fine  radiating  striations.  Between  these  striations  are  white  punctate  dots. 
Vision  Is  not  materially  altered.  Left  ej-e,  the  anterior  chamber  is  of  normal 
depth.  In  the  pupillary  plane  on  focal  Illumination  one  notes  a  veil-like  blueisb- 
grey  cloudiness,  as  though  the  lens  had  been  breathed  on.  The  lens  star  shows 
a  somewhat  more  saturated  greyish  white  color.  The  nucleus  is  transparent. 
On  dilating  the  pupil  with  atropine,  find  that  the  equatorial  zone  of  the  lens 
Is  cloudy  in  a  broad  zone.    Vision  reduce<l  to  ,\. 

Case  No.  3.    A.  E.,  a  farmer,  38  years  of  age,  came  under  obser ration  March 

6,  1873.  The  left  lens  showed  signs  of  an  immature  soft  cataract.  The  an- 
terior corticalls  was  still  soft  Counts  fingers  at  4-5  feet.  Right  lens.  Cataracta 
incipiens  H  2  V=^^;  urine,  S.  G.,  liH2.  November  27.  1873,  could  only  recog- 
nize movements  of  the  hand.  S.  G.,  1033.  The  lens  was  extracted  November 
28th.  Owing  to  a  slight  iritis  during  the  process  of  healing,  a  preliminary  irl- 
dectomie  was  made  on  the  left  eye  January  5,  1874,  and  February  27,  1874.  the 
extraction  followed.  Discharged  with  O.  1).  V.=t.  O.  S.  \.=j\.  Kuhne, 
who  examined  both  lenses  for  the  presence  of  sugar,  found  the  same  present 
(Pathologic  und  Therapie  des  Linsen  System,  p.  271.) 

Case  No.  4.    J.  S.,  a  day  laborer,  40  years  of  age.     Sight  began  to  fall  in 
1880.    Since  December  can  only  count  fingers.  Was  taken  up  at  the  clinic  March 

7,  1881,  at  which  time  he  could  only  recognize  movements  of  the  hand.  Lens  Is 
completely  cloudy;  exceedingly  tumescent  Anterior  chamber  shallow.  Urine 
acid.  S.  G.  1030.  Quantity  passed  in  twenty-four  hours  equaled  6720  cm.; 
contains  6.7  per  cent  sugar,  equal  to  about  450.2  grms.  Extraction  was  made 
on  the  right  eye  March  9th;  left  eye  March  29th.  Healing  perfectly.  Vision 
equalled  to  {  The  daily  amount  of  sugar  varied.  On  the  day  of  his  arrival, 
owing  to  the  Journey  and  poor  nourishment  the  quantity  of  sugar  was  450.2 
grms.,  whereas  the  usual  quantity  was  from  200  to  300  grms.  On  the  day  be- 
fore the  first  operation,  failed  to  estimate  the  amount  of  sugar.  The  amount 
of  urine  passed  was  2780  and  1080  ccm.  In  the  next  few  days  the  quantity 
of  sugar  fell  to  80.98  and  86  grms..  but  rose  again  during  the  following  ninety 
days  to  161.3  grms.;  sank  once  more,  but  rose  again  during  the  last  few  days 
before  the  second  operation  to  173.3  grms.  After  this  there  was  again  a  de- 
crease. These  results  are  interesting  because  they  indicate  the  influence  of 
diet  during  his  trip  and  the  first  few  days  after  the  operation,  and  in  the  days 
previous  to  the  second  extraction,  during  which  time  the  patient  was  given  a 
mixed  diet  in  order  to  strengthen  him.  In  both  cataracts  sugar  was  found. 
I  See  page  67  of  text.) 

Case  No.  5.  Mrs.  B.,  of  W..  aged  62  years,  for  the  past  three  years  has 
suffered  from  a  very  intense  degree  of  diabetes,  with  never  more  than  0.9  per 
cent,  sugar  in  the  urine.  She  has  repeatdly  been  to  Carlsbad.  For  a  year  past 
has  not«Ki  the  decrease  of  vision  in  Iwth  eyes.  Was  seen  for  the  first  time 
November,  1882.  O.  D.  cataracta  incipiens;  O.  S.  cataracta  uondum  matura.  In 
both  eyes  found  the  posterior  cortical  substance  and  the  equatorial  zone  very 
cloudy,  and  the  nucleus  highly  refracting  the  light.  Right  eye  counts  fingers  at 
2.3  m.;  left  eye  at  1  m.    In  1883  the  cataract  on  the  left  eye  had  advanced  so 
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far  that  the  radii  could  be  seen  when  the  pupil  was  dilated.  Extraction  was 
done*  under  narcosis  March  7th.'  Process  of  healing  uneventful.  During  the 
operation  the  aqueous  was  aspirated  with  a  pipette  from  the  conjunctival  sac. 
and  together  with  the  lens  was  examined  by  Kuhne  and  found  to  be  free 
from  sugar. 

The  amount  of  urine  passed,  the  specific  weight  and  the  amount  of  sugar, 
especially  the  latter,  during  these  days,  though  slight  was  at  no  time  very 
great.  March  7th,  amount  of  urine  =1110;  S.  G.=1020;  sugar=0.22  per  cent. 
March  8th,  1860.  1018.  and  0.3  per  cent.  March  9th,  1250.  1013,  0.1.  From  this 
time  on  the  urine  was  free  from  sugar  (March  15tb),  only  on  March  17th,  22 
per  cent.,  did  the  urine  show  signs  of  sugai>. 

Case  No.  6.  Mrs.  J.  D.,  of  Z.,  a  wealthy  woman  63  years  of  age,  was  oper- 
ated on  by  me  November  16,  1871.  According  to  appearances  this  was  a  cata- 
ract senilis  simplex.  Left  eye  shows  a  cataract  incipiens.  This  lady  has  had 
diabetes  for  a  number  of  years.  Quantity  of  sugar  not  estimated.  V.  ^^. 
Opthalmoscope  revealed  a  retinitis  diabetica.  Kuhne,  who  exiEimlned  the  lens, 
found  no  sugar.    (P.  and  Th.,  p.  271.) 

Jany  ^  gives  us  a  very  accurate  descriptian,  in  which  he  especially 
emphasises  the  fiseuring  of  the  cortical  substance,  which  gives  it  the  ap- 
pearance as  though  discission  had  been  practiced.  In  both  his  cases  the 
anterior  cortical  substance  was  but  slightly  cloudy,  whereas  posteriorly 
there  existed  exquisite  choroideal  cataract.  "The  entire  posterior  corticalis 
simulates  "the  pod  of  a  fruit,"  in  which  the  peculiar  asbestos  gloss  was 
particularly  noteworthy.  Owing  to  the  scarcity  of  personal  observations, 
I  have  called  on  ray  colleagues.  Horner  writes,  "I  find  cataracta  punctata, 
especially  posterior  cortical  cataract,  equatorial  cataract  and  anterior  cor- 
tical cataract.  The  age  of  the  patient  appears  to  influence  varieties.  In 
young  diabetic  individuals  there  appears  to  be  a  more  rapid  disintegration 
of  the  anterior  corticalis,  whereas  in  older  people  (and  in  fact,  in  very  severe 
cases)  the  posterior  corticalis  may  first  be  affected.  According  to  my  ob- 
seiTations,  there  is  no  particular  rule." 

Leber  lays  stress  on  the  same  picture  which  is  observed  in  youthful 
diabetic  patients  and  in  other  rapidly  developing  cataracts  occurring  in 
youthful  individuals.  "The  cloudiness  is  close  lo  the  capsule  and  there  is 
always  a  tumescence  and  shallowness  of  the  anterior  chamber,  but  I  do 
not  find  that  the  anterior  corticalis  is  always  first  involved."  Concerning 
the  cataract  of  a  young  woman  at  present  under  observation  (about  4,000 
cm.  urine,  with  10  per  cent,  sugar)  and  suffering  with  a  high  degree  of 
diabetes,  Leber  writes,  *T!n  the  right  eye  the  cloudiness  exists  just  as  Horner 
haa  described  it,  consisting  of  broad,  bluish,  wavy  sectors;  which,  if  not 
immediately  beneath,  are  at  least  close  to  the  capsule.  Through  this.cloud- 
ine^  one  can  plainly  see  the  cloudy  striations  in  the  posterior  corticalis. 

iSZwei  Falle  von  Beider  Seitlge  Cataracta  Diabetica.    Arch.  f.  Augen,  Bd. 
VIII. 
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On  the  left  eye  the  anterior  cortiealis  is  as  good  as  totally  transparent; 
whereas  the  posterior  shows  the  shell-like  cloudiness,  disclosing  the  deli- 
cate, moderately  broad  striations  of  which  it  is  made  up." 

Dr.  Max  Perles  ^*  reports  the  following  remarkable  case.  In  a  patient 
sixty-two  years  of  age,  he  discovered  a  very  peculiai'  change  in  the  lens. 
By  daylight  the  pupils  give  back  a  peculiar  greenish-black  reflex.  On  focal 
illumination  and  examination  with  the  corneal  loup,  the  anterior  cortiealis 
and  the  nucleus  are  found  to  be  clear.  In  both  eyes,  however,  the  temporal 
portion  of  the  posterior  substance  discloses  an  almost  completely  symmet- 
rical deposit  of  rust-brown  coloring  matter,  which  is  arranged  like  a  closely 
woven  network  of  mycelium.  This  deposit  is  located  immediately  beneath 
the  capsule,  is  most  dense  along  the  temporal  edge,  becomes  thinner  toward 
the  middle,  and  finally  is  lost  in  the  finest  threads.  In  this  network  these 
dark  brown  granules  are  deposited.  Neither  vesicles  nor  droplets,  as  is 
usual  in  beginning  cataract,  can  be  seen.  The  vitreous  is  free  from  cloudi- 
ness; both  eyes  are  emmetropic.  View  of  the  fundus  is  difficult,  but  shows 
no  visible  change.  There  is  no  albumen  in  the  urine,  but  about  7  per  cent, 
of  sugar;  no  abnormal  pigmentation  of  the  skin.  Microscopical  examina- 
tion of  the  blood  shows  the  haemoglobin  normal.  This  pigmentation  of 
the  lens  positively  only  set  in  after  the  diabetes  had  existed  in  this  severe 
form  for  several  years.  Perles  concludes:  "These  changes,  in  all  probabil- 
ity, are  due  to  the  diabetes,  since  a  like  pigmentation  of  the  skin  in  this 
form  of  disease  is  not  unusual.  However,  an  expression  of  opinion  as  to 
the  nature  and  source  of  this  pigmentation  can  not  be  made  until  anatom- 
ical examinations  have  thrown  some  light  on  the  subject." 

Regarding  the  presence  of  sugar  in  non-cataractous  lenses  of  diabetic 
patients,  we  possess  but  a  single  observation  made  by  Deutschman.^^  In 
the  lens  of  a  ten  year  old  girl  who  had  died  of  diabetes,  he  could  not  dis- 
cover any  sugar  in  the  lens,  whereas  the  urine  contained  0.5  per  cent.  From 
the  following  it  will  be  seen  how  important  it  would  be  to  make  a  large 
number  of  analyses  in  analogous  cases. 

In  the  following  table,  arranged  according  to  their  age,  will  be  found 
a  report  of  all  the  acceesible  cases  of  diabetic  cataract  in  which  the  lens  was 
examined  for  sugar  after  the  extraction.  Assuming  that  the  table  repre- 
sents all  the  reported  cases  of  diabetic  cataract  extracted  and  examined  for 
sugar,  one  finds  that  in  the  great  majority  of  cases  sugar  was  found  present. 
In  both  of  the  senile  cataracts  extracted  by  me  November  30  and  31,  no 
sugar  was  found.  Since  negative  results  are  reported  for  all  ages,  one 
is  justified  in  assuming,  that  the  presence  of  sugar  in  cataract  has  nothing 
to  do  with  the  age  of  the  patient,  and  since  at  times  in  the  soft,  rapidly 

14  Plf^mentstaar  bei  Diabetes.    Hirschberg's  Centralblatt,  p.  171.    1892. 
16  Untersuchung  zur  Pathogenese  der  Kataract.    Arch.  f.  Opth.,  XXIII,  3,  1, 
p.  143. 
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clouding  and  tumescent  cataract,  sugar  was  not  found  at  other  times;  hence 
the  variety  of  the  cataract  can  not  be  looked  upon  as  indicating  the  pres- 
ence of  sugar  in  the  lens. 

In  all  the  positive  results,  there  has  been  a  high  percentage  of  sugar 
in  the  urine,  and  in  the  negative  a  low  percentage.  If  one  will  stop  to 
consider  the  large  quantity  of  sugar  voided  the  day  of,  or  tJie  last  few  days 
previous  to  the  operation,  as  an  indication  of  the  quantity  present  in  the 
blood  and  tissue  fluids;  also,  as  has  been  observed  time  and  again,  that  the 
cataract  formation  only  occurs  where  there  is  a  large  excretion  of  sugar, 
hence  one  will  understand  that  in  these  cases,  sugar  will  be  found  in  the 
lens.  From  this  it  would  also  follow  that  sugar  will  not  be  constantly 
present  in  the  lens,  but  v,i\\  vary,  depending  on  the  general  condition. 
This  fact  is  particularly  demonstrated  in  Case  4,  Xo.  25  and  26  of  the  table, 
in  which  special  attention  was  given  to  this  fact: 
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Therefore,  to  summarize  all  that  has  been  {«>aid  as  the  result  of  personal 
observation  and  the  observation  of  others,  one  would  say  that  in  youthful 
individuals  the  diabetic  cataract  develops  about  as  follows.  First  there  is 
a  cloudiness  in  the  equatorial  zone,  in  most  eases  followed  by  a  cloudiness  in 
the  posterior  cortical  substance,  and  after  this  had  developed  the  anterior 
corticahs  is  attacked.  This  rapidly  progresses  to  form  a  soft  cataract,  at 
first  attacking  the  lamellae  immediately  beneath  the  capsule.  At  this  time 
there  is  neither  a  tumescence  nor  a  shrinkage  of  the  lens  system,  but  it  is 
true  that  very  soon  the  star  figure  is  developed.  This  latter  symptom,  a£ 
in  all  other  soft  cataracts,  I  look  upon  as  the  first  indication  of  the  taking 
up  of  water.  The  tumescence  goes  on  rapidly  and  steadily,  as  the  result 
of  the  taking  up  of  water  in  the  capsule,  and  at  the  same  time  the  lens 
is  fissured  and  split  into  sectors.  The  tumescent  lens  always  shows  a  verv* 
marked  iris  shadow,  because  there  is  a  verj'  perceptible  layer  of  fluid  be- 
tween capsEule  and  lens.  This  condition  may  last  one  or  two  months.  At 
the  end  of  this  time  the  volume  is  reduced,  but  the  iris  reflex  may  remain. 
The  silky  gloss  is  lost  and  a  new  picture,  (that  of  the  cataracta  hyperma- 
tura  reducta  of  senile  cataract),  is  developed.  The  entire  lens  system  is 
reduced.  Schmidt-Bimpler  extracted  and  measured  such  lenses.  Both 
lenses,  Nos.  1  and  2  of  the  above  table  had  an  equatorial  diameter  of  8.5 
mm.;  the  right  a  saggitaJ  diameter  of  2.5  mm.,  the  left  of  2.0  mm.  (See 
Becker,  Case  No.  2).  From  personal  observation,  I  can  not  state,  nor  have 
I  been  able  to  find  any  statements  in  literature,  as  to  whether  the  diabetic 
soft  cataracts  of  youth  can  become  entirely  fluid;  whether  capsular  cataracts 
may  be  added  to  these,  or  whether  calcareous  deposits  can  take  place.  Ber- 
lin writes  to  me  that  he  operated  a  diabetic  patient  for  a  cataracta  Mor- 
gagniana;  who,  however,  during  the  days  of  the  operation  had  albumen, 
but  no  sugar,  in  his  urine. 

In  the  entire  sequence  of  changes  which  take  place  in  diabetic  cata- 
racts, I  can  discern  nothing  which  differs  from  the  ordinary  soft  cataracts 
of  youth  which  occur  in  both  eyes.  Therefore,  it  seems  most  probable  that 
the  cataract  results  from  the  entrance  of  a  pathologically  changed  nutritive 
fluid,  resulting  from  the  addition  of  sugar,  along  tlie  normal  point  of  en- 
trance in  the  equatorial  region.  The  only  difference  from  other  constitu- 
tional cataracts  consists  in  the  fact  that  we  believe  that  this  form  is  due 
to  the  presence  of  sugar  in  the  vitreous;  whereas  in  the  others  we  have  not 
as  yet  been  enabled  to  separate  the  anomalous  substance  in  the  nutritive 
supply. 
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THE  AETIOLOGY  OF  THE   SO-CALLED   DIABETIC   CATARACT. 

Owing  to  the  fact  that  sugar  has  been  found  in  all  the  tissue  fluids  of 
the  body,  and  since  the  now  famed  experiments  of  Kunde  for  the  experi- 
mental production  of  cloudiness  of  the  lens,  entire  series  of  methods  have 
been  devised  to  explain  the  cloudiness  of  the  lens  which  develops  in  dia- 
betes. 

After  Leber  ^^  had  expressed  the  hope,  that  our  knowledge  concerning 
the  development  of  diabetic  cataract  would  be  furthered,  by  experimental 
investigation,  Deutschmann  ^"^  and  Heubel  ^^  entered  on  this  task  most  fully. 

Notwithstanding  the  difference  and  the  relative  values  of  the  methods 
employed  in  making  these  experiments,  and  aside  from  the  animated  dis- 
cussions which  arose  between  Deutschman  and  Heubel,  it  becomes  a  matter 
of  general  interest  to  note,  that  both  experimenters  are  in  accord  in  stating 
that  the  so-called  salt,  or  sugar,  cataracts  are  produced  by  the  process  of 
diffusion,  between  the  salt  or  sugar  containing  aqueous  (or  vitreous)  on  the 
one  hand,  and  the  lens  on  the  other;  in  consequence  of  which  water  and 
albumen  diffuge  in  the  aqueous,  and  the  nacl,  respectively  the  sugar,  into 
the  capsule  of  the  lens. 

According  to  my  (Becker^s)  judgment,  Deutschman's  conclusions  prove 
nothing.  He  placed  a  human  eye,  taken  from  a  corpse,  in  a  5  per  cent, 
sugar  solution  and  after  fourteen  hours  the  lens  became  cloudy,  whereas  in 
a  highly  diabetic  girl  in  whom  there  was  no  cataract,  sugar  was  formed 
in  the  fluid  media  of  the  eye  not  in  excess  of  0.5  per  cent.;  hence  he  denies 
that  the  cataract  can  result  from  the  extraction  of  water  by  means  of  a 
large  quantity  of  sugar  present  in  the  fluid  media  of  the  eye.  Though  no 
weight  is  placed  on  Heubel's  objection  that  experiments  made  on  enucle- 
ated lenses  can  not  be  applied  to  the  living  eye,  he  nevertheless  is  correct, 
beyond  a  doubt,  when  he  draws  attention  to  the  faet,  that  smaller  quantities 
of  sugar  solution  acting  for  a  relatively  longer  time,  may  cause  even  more 


16  Uber  die  Erkrankungen  der  Augeu  bel  Diabetes  Mellitus.  Arch.  f.  Opth., 
Bd.  XXI,  3. 

17  (1)  Untersuchungen  zur  Pathogenese  der  Cataract.  Arch.  f.  O.,  3,  1. 
(2)  Znr  Wirkung  wasser  entziehender  Stoffe  auf  die  Krystallinse.  Arch.  f.  d  ges 
Phys.,  Bd.  XX.  (3)  Entsteli  die  Diab  Kataract  beim  Mensclieii  in  Folge  von 
wasserentziehung  der  Linse  seltens  zucker  haltiger  Augenflussigkeit  ?  Elne  Ent- 
gegnung  an  Prof.  Heubel  in  Kiew.  Arch.  f.  d  ges  Phys.,  Bd.  XXII. 

18  (1)  Uber  die  Wirkung  Wasserentziehender  Stoffe  insbesondere  auf  die 
Krystallinse.  Arch.  f.  d  ges  Physiol..  Bd.  XX,  p.  114-118.  II  Bemerkungen  bq 
Deutschmann's  Aufsatz.  (2)  Arch.  f.  des  Physiol.,  Bd.  XXI,  p.  153-176.  (3)  Ant- 
wort  auf  Dr.  Deutschmann's  Bntgegung.  Arch.  f.  d.  ges  Physiol.,  Bd.  XXII, 
p.  580-590. 
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extensive  changes,  than  large  quantities  acting  for  a  short  time.  The  lesser 
quantity  of  the  active  substance  is  compensated  for  by  the  longer  time  it  is 
active. 

"With  all  due  respect  to  Heubel's  talent,  both  as'an  experimental  in- 
vestigator and  critic,  I  feel  called  upon  to  raise  a  few  objections  from  a 
clinical  standpoint,  to  the  application  of  his  experimental  results  to  cataract 
88  observed  in  diabetic  patients." 

"In  his  first  critical  essay,  in  reply  to  Deutschmann,  (2,  above  p.  176), 
^e  sums  up  his  views,  stating  that,  "in  the  formation  of  the  true  diabetic 
<^^t^ract,  the  sugar  contained  in  the  aqueous  and  vitreous  (be  it  as  such  op 
^^  Combination  with  Na.  CI.),  is  of  the  very  greatest  importance,  and 
the  first  and  most  important  change  which  the  lens  undergoes  is  the 
withdrawal  of  water  as  the  result  of  the  action  of  the  sugar.*'    "The  genu- 
ine diabetic  cataract  develops  in  an  unusual  and  in  a  peculiar,  entirely  dif- 
ferent manner,  and  in  this  mode  of  development  the  aqueous  positively  ex- 
erts an  influence  in  producing  this  cloudiness."    "There   is   a   complete 
analogy  between  the  mode  of  development  of  the  diabetic  cataract  and 
those  cataracts  which  are  experimentally  produced  by  the  dehydrating 
action  of  sugar  and  salt  solutions.    This  cloudiness  always  involves,  first, 
the  external  cortical  layers;  at  the  beginning  the  nucleus  remains  clear  and 
the  surface  of  the  lens  shows  the  sector-like  facetts."    "Competent  observ- 
ers have  stated  that  with  proper  diathetic  and  therapeutic  treatment,  by 
which  the  amount  of  sugar  can  be  considerably  reduced,  the  lens  may  be 
made  to  almost  completely  clear  up  again,  a  condition  which  has  hardly 
ever  been  observed  in  other  forms  of  cataract.    There,  also,  do  we  find  an- 
other remarkable  coincidence  between  diabetic  cataract  and  those  experi- 
mentally produced  by  the  dehydrating  action  of  the  sugar  and  salt  solu- 
tions." 

"One  must  here  note  that  Heubel  lays  particular  stress  on  the  expres- 
sion, ^genuine  dialeiic  cataract.'  By  this  he  can  only  have  reference  to 
^he  diabetic  cataract  of  youth  as  described  by  Foerster.  Heubel  possibly 
unconsciously  has  given  up  complete  agreement  with  Foerster,  for  he  states 
that  sugar  in  the  vitreous  may  also  lead  to  cataract  formation.  (Cited  above, 
P- 187.)  He  describes  an  experiment  in  which,  if  the  aqueous  is  permitted 
to  escape,  the  cloudiness  only  appears  .at  the  posterior  pole.  But,  aside 
"om  this,  I  believe  that  I  have  shown  above  that  ^^genuine  diabetic  cata- 
^ct,"  as  a  special  variety,  does  not  exist,  but  coincides  in  form  with  the 
majority  of  cataracts  developing  in  youthful  individuals,  as  rapidly  devel- 
oping soft  cataracts,  also  as  to  their  course  and  final  end.  HeubePs  argu- 
jnenfe,  based  on  the  experimentally  produced  cataracts  and  their  subsequent 
clearing  up,  is  even  on  a  weaker  basis.  The  cases  on  which  Heubel  bases  his 
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arguments  (cited  above  No.  1,  p.  176,  II,  176),  Becker  reported  years  ago.^* 
Seegen's  case  ^^*'  occurred  in  a  man  39  years  of  age;  Gerhardt's  in  a  woman 
66  years;  and,  according  to  Foerster's  statement,  these  could  not  have  been 
cases  of  genuine  diabetes,  since  they  do  not  occur  past  the  middle  of  the 
twenties.  Heubel  himself  states  that  "hardly  ever"  has  a  non-diabetic 
cataract  been  known  to  clear  up.  "Will  anyone  think  hard  of  it,  if  oculists 
refuse  to  accept  this  fact  as  proven?  I  hardly  doubt  that  both  Gerhardt 
and  Seegen  will  acknowledge  the  possibility  of  their  having  made  a  mis- 
take. At  the  same  time,  one  must  not  doubt  but  that  vision  was  improved 
by  Carlsbad  salts.  It  has  simply  not  been  proven  that  a  disappearance  of 
cloudiness  of  the  lens  bettered  vision.  It  is  far  more  probable  that  this 
was  due  to  a  clearing  up  of  the  vitreous  and  the  improvement  of  a  case  of 
retinitis;  causes  which  ought  not  to  be  set  aside.^^ 

In  his  reply  Heubel  drew  attention  to  two  other  possibilities.  Zehender's 
remarks  did  not  escape  him,  namely,  that  the  soft,  tumescent  condition  of  most 
diabetic  cataracts  seemed  to  refute  the  idea  that  there  is  a  withdrawal  of  water 
from  the  lens.  This  thought,  later  taken  up  by  Jany  and  myself,  was  answered 
by  Heubel  <one  cited  alwve),  by  his  drawing  attention  to  the  fact  "that  in 
beginning  cloudiness  and  in  new  cases  the  dehyratlon  is  but  partial,  is  re- 
stricted to  a  small  portion  of  the  lens;  whereas,  the  remainder  of  the  lens  sub- 
stance retains  its  normal  or  possibly  a  reduced  donsisteney."  Heubel  considers 
11  as  more  than  probable,  that  as  the  result  of  the  withdrawal  of  water  the 
changed,  cloudy  (or  shrunken)  "iensrads,"  after  the  lapse  of  a  certain  length 
of  time,  even  where  there  is  abundant  addition  of  water,  can  not  be  cleared  up 
again;  and  after  diabetic  cataract  has  existed  for  a  certain  length  of  time,  such 
manifold  changes  do  not  set  In  as  can  easily  lead  to  a  soft  and  watery  con- 
sistence of  the  cloudy  lens  substance."  As  a  fact,  one  must  acknowledge  that 
in  soft  diabetic  cataract,  as  in  any  other  spontaneously  developing  cataract,  the 
tumescence  is  the  first  stage  of  cataract  formation. 

In  his  first  essay  on  this  subject  Deutschman  pointed  out  the  fact  that  the 
microscopical  conditions  noted  in  the  experimentally  produced  salt  and  sugar 
cataracts  does  not  coincide  with  those  of  the.  true  diabetic  cataract.  True,  at 
that  time  he  only  had  for  comparison  the  short  communication  of  Knappso 
concerning  the  condition  of  extracted  diabetic  cataract.  Here  I  mnst  again 
agree  with  Heubel  (two  above).  "We  can  scarcely  form  an  Idea  as  to  the  man- 
ner in  which  diabetic  cataract  develops  by  examining  a  diabetic  cataract  in  its 
latter  stages."  There  Is  always  this  difference,  the  experimentally  produced 
diabetic  cataract  develops  acutely,  whereas  the  diabetic  cataract  develops  in 


19  Pathologie  and  Therapie,  p.  272. 
19a  Der  Diabetes  Mellltus.   Leipsig,  1870,  p.  212. 

aoBericht  uber  ein  siebentes  hundert  Staar  extractionen.    Arch.  f.  Opthal.^ 
Bd.  XII,  p.  49. 
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a  chronic  manner;  hence,  it  seems  questionable  to  me,  though  it  would  be  pos- 
sible to  examine  microscopically  a  developing  diabetic  cataract  in  its  capsule, 
whether  one  would  even  be  able  to  formulate  a  theory  which  could  not  be 
attacked.  Our  science  is  certainly  deeply  indebted  to  Heubel  for  the  thorough 
and  objective  criticism,  and  the  manner  in  which  he  refuted  Claude  Bernard's 
hypothesis,  that  cataraeta  diabetica  Is  solely  and  alone  due  to  the  increased 
amount  of  sugar  In  the  blood. 

In  1887,  Deutsehman  again  took  up  this  subject,^  and  formulated  the 
following  hypothesis  as  to  the  genesis  of  this  form  of  cataract.  He  sfiates, 
**Owing  to  the  dyscrasia,  the  lens,  which  is  an  epithelial  structure,  is  subject 
to  the  same  disintegration  as  other  epithelium.  The  lens  fibres  undergo 
the  same  local  death  as  does  the  epithelium  of  the  kidney,  and  with  this 
death  of  the  cells  begins  the  anomalous  process  of  diffusion;  but  the 
moment  the  lens  fibres  begin  to  die,  just  as  in  the  cadaverous  lens,  changes 
follow  in  consequence  of  the  processes  of  diffusion,  and  cloudiness  and 
tumescence  of  the  lens  follows.  Hence  I  assume  a  primary  death  of  the 
lens,  which  is  an  epithelial  structure,  in  diabetic  cataract.  This  must  not 
necessarily  be  a  total  death;  a  partial  death  is  sufficient  to  permit  of  a 
change  in  the  process  of  diffusion.  I  am  opposed  to  the  theory  of  "the 
withdrawal  of  water  from  the  lens.^' 

Likewise,  Leber,  by  demonstrating  that  the  fluid  media  in  diabetes 
have  an  alkaline  reaction,  has  refuted  Lohmeyer's  hypothesis,^  that  sugar 
in  the  aqueous  and  vitreous  becomes  changed  into  lactic  acid,  and  the 
action  of  this  leads  to  the  cloudiness  of  the  lens,  hence  we  are  as  far  today 
as  ever  from  finding  the  intermediate  link  between  the  pathological  condi- 
tion in  which  sugar  is  found  in  the  nutritive  fluid  and  the  cloudiness  of  the 
lens.  In  the  case  of  the  diabetic  cataract,  we  are  no  farther  than  in  other 
forms  of  constitutional  cataract. 

There  is  an  entire  series  of  constitutional  diseases,  in  which  the  con- 
stitution of  the  blood  and  lymph  is  altered,  hence  in  which  the  lens 
receives  an  abnormally  constituted  nutritive  material,  which  in  some  cases 
leads  to  cataract  formation.  Diabetes  mellitus  belongs  to  this  class  of 
diseases. 

PROGNOSIS  OF  CATARACT  OPERATIONS  IN  DIABETES. 
**Even  at  the  present  day  some  operators  look  upon  operations  for  cataract  in 
diabetic  patients  as  offering  a  poor  prognosis.  This  is  evident  from  the  oft- 


21  Pathologisch-Anatomische  Untersuchungen  Augen  von  Diabetlicem,  nebst 
Bemerkungen  uber  die  Pathogenese  der  Diabetischen  Cataract.  Graef  Arch., 
XXXIII,  Bd.  2.   1887. 

22  Beitrag  zur  Histologic  und  Aetiologie  der  Erworbenen  Linsenstaare.  Zeit- 
schrift  fur  Rationale  Medicin.,  N.  F.,  Bd.  V,  p.  99.   1854. 
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repeated  printed  statement,  "Luckily  operated/'  As  is  well  known,  Von 
Graefe  was  very  guarded  in  his  statements,  and  though  others,  as  well  as 
myself,  have  pointed  out  the  fact  that  the  incision  even  in  very  emaciated 
diabetic  patients,  heals  very  kindly,  nevertheless,  Jany  advises,  after  a 
peripheral  incision,  the  extraction  be  made  by  suction  subsequent  to  a  pre- 
liminary discission.  But  if  any  one  will  read  Jany^s  description  of  his  four 
cases  operated  in  this  manner,  he  can  only  conclude  that  eyes  which  can 
undergo  such  manipulations  are  really  less  vulnerable  than  healthy  eyes 
in  which  an  ordinary  senile  cataract  has  developed.  From  a  large  number 
of  experienced  operators,  I  have  been  privately  informed  that,  just  in 
diabetes,  an  unusually  good  process  of  healing  follows.  It  is  possible  that 
the  presence  of  sugar  in  the  lymph  causes  the  edges  of  the  wound  to  be- 
come rapidly  agglutinated.  The  only  possible  complication  (where  the 
operation  is  correctly  done)  is  an  iritis.  This  has  occurred  once  to  me; 
also  to  Horner,  and  likewise  to  Leber.  Snellen  writes  to  me,  "I  often  find 
the  pigment  at  the  edge  of  the  pupil  very  loose,  as  in  macerated  eyes."  I 
(Becker,  ^'Pathologic  and  Therapie,'*  p.  272)  before  this  time  had  drawn 
attention  to  this  fact,  namely,  that  in  cases  of  tumescent  diabetic  cataract, 
the  pigment  around  the  edge  of  the  pupil  is  very  broad,  and  that  even  after 
an  iridectomie  the  same  condition  is  noted  along  the  edges  of  the  colo- 
boma.  This  peculiar  condition  of  the  iris,  and  the  hemorrhages  into  the 
vitreous,  even  though  extremely  slight,  indicate  that  a  diabetic  cataractous 
eye  is  not  only  a  diseased  eye,  but  possibly  also  explains  the  occasional 
occurrence  of  iritis  after  an  extraction." 

There  is  another  circumstance  to  which  I  desire  to  call  attention.  In 
the  literature  on  this  subject  I  find  four  cases  reported,  in  which  a  few  days 
after  a  cataract  extraction,  the  patient  died  of  diabetic  coma.  One  ought 
to  tell  the  relatives,  as  well  as  the  patient,  of  the  possibility  of  such  a  termin- 
ation, in  consequence  of  the  excitement  incident  to  an  operation  and  the 
dietary  restrictions  which  become  necessary. 

CATARACTA  SENILIS  PBAEMATURA. 
Between  the  soft  cataracts  of  youth  and  the  senile  cataract,  a  form  of 
cataract  develops  which  occupies  a  mediam  place  between  the  two  forms, 
both  as  to  the  time  of  its  development  and  its  seat  in  the  middle  of  the 
lens.  The  aetiology  seems  to  be  closely  linked  with  a  general  reduction  of 
the  nutrition  of  the  body.  Foerster  considers  the  cause  of  the  cataract 
formation  to  be  a  premature  marasmus  of  the  body.  He  also  draws  atten- 
tion to  Hogg's  statement  of  the  frequent  coincidence  of  urethral  stricture 
and    hypertrophy    of    the    prostrate    with    the    marasmus     praematuris. 
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(among  56  patients,  he  found  17  cataract  cases).  However,  this  does  not 
prove  an  exact  relationship  between  the  two.  There  is,  likewise,  a  total 
absence  of  s}Tnptoms  by  means  of  which  one  may  with  certainty  recognize 
the  premature  marasmus  or  premature  senility.  Up  to  this  time,  it  has 
not  been  possible  to  do  more  than  make  some  general  statements.  Never- 
theless, Becker  states,  he  has  attempted  to  make  a  diagnosis  of  such  a  cata- 
ract from  the  manner  of  its  development. 

CATARACTA  (SENILIS  PRAEMATURA)  NUCLBARIS. 

This  form  of  cataract  characterizes  itself  by  developing  in  the  nucleus 
of  the  lens,  between  the  fortieth  and  fiftieth  year,  a  time  of  life  when  the 
sclerosis  of  the  nucleus  of  the  lens  is  already  far  advanced;  and  this  cloudi- 
ness gradually  extends  into  the  transparent  cortical  substance.  It  has  a 
peculiar  white,  almost  milky,  color.  This  cataract,  at  an  exceedingly  slow 
rate,  finally  becomes  a  total  cataract.  The  individuals  show  in  their  gen- 
eral appearance  that  their  health  has  been  disturbed  for  a  long  time.  They 
are  people  who  have  been  reduced  by  general  marasmus,  disease,  excessive 
bodily  exertion,  many  and  diflScult  labors,  material  want,  grief,  and  care; 
and  frequently  the  clinical  history  shows  that  the  patients  (women)  have 
suffered  from  hysterical  convulsions. 

Becker  states  that  he  has  only  been  enabled  to  examine  teased  speci- 
mens of  extracted  cataracts  of  this*  form,  but  has  not  been  able  to  discover 
any  distinctive  peculiarity.  A  positive  judgment  must  be  withheld  until 
a  complete  eye  containing  such  a  cataract  can  be  examined.  In  his  "Path- 
ology and  Therapie,^'^  he  suggested,  that  possibly  a  chemical  examina- 
tion might  throw  some  light  on  the  subject. 

He  further  suggests  ^  the  possibility  that,  in  contradistinction  to  all 
other  conditions,  there  has  never  been  a  true  formation  of  a  nucleus  in  a 
lens  which  becomes  diseased  in  this  manner.  It  would,  then,  not  be  a 
difficult  matter  to  understand  how,  owing  to  this  exceptional  condition  of 
the  lens,  there  should  follow  a  peculiar  cataract  formation. 

Without  in  such  cases  being  able  to  demonstrate  a  diseased  condition 
of  the  nutritive  fluids  of  the  entire  body,  (since  we  find  neither  albumen  nor 
sugar  in  the  urine),  we  might  look  upon  the  general  marasmus  of  the  en- 
tire body  as  the  cause  of  a  failure  to  form  the  nucleus.  The  subjective 
symptoms  are  those  of  so-called  nuclear  cataract.  The  prognosis  is  not 
88  good  as  in  simple  senile  cataract.  It  is  not  dependent,  even  partially,  on 
the  general  condition  of  the  individual,  nor  on  the  general  tendency  of 
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the  healing  of  wounds;  but  on  the  fact  that  the  outer  non-cloudy  lamellae 
of  cortical  substance  necessarily  remain  behind  in  the  eye,  or  are  removed 
with  difficulty.  In  no  other  form  would  Von  Mutter's  proposal — ^to  punc- 
ture the  capsule,  so  as  to  hasten  ripening  of  the  cataract — ^be  as  applicable 
as  in  this  form.  In  such  eases  it  would  be  worth  the  attempt,  in  advanced 
cases,  to  practice  discission.  At  the  present  day,  no  doubt,  artificial  matura- 
tion would  be  practiced. 

F. 

SENILE  CATARACT.  CATABACTA  SENILIS. 

As  the  name  indicates,  this  form  of  cataract  occurs  in  the  aged,  and 
as  a  rule  one  should  hesitate  to  designate  a  cataract  as  senile  if  the  patient 
has  not  passed  the  fiftieth  year.  It  is  not  correct  to  state  that  an  earlier 
ageing  of  the  entire  body  would  predispose  to  senile  cataract.  There  are 
no  observations  reported  where  in  so-called  "youthful  aged  ones"  an  earlier 
sclerosis  of  the  lens  occurred  or  developed  more  rapidly  than  under  normal 
conditions. 

Just  as  far  as  the  sclerosis  of  the  lens  extended  at  the  time  the  cataract 
f onnation  began,  just  so  far  will  the  lens  remain  as  good  as  unchanged  dur- 
ing the  entire  time  those  processes  take  place  which  are  associated  with  and 
take  place  during  cataract  formation.  In  consequence,  after  extraction  we 
find,  even  in  the  most  varied  forms  of  senile  cataract,  that  the  nucleus  is 
bi-convex,  more  or  less  intensely  yellow,  or  even  red;  always  transparent, 
but  not  cataractous.  Both  Malgaigne  and  Foerster  pointed  out  the  fact  that 
in  senile  cataract  the  cloudiness  develops  first  in  the  cortical  substance,  but 
this  did  not  receive  the  deserved  recognition. 

In  the  second  part  of  this  work,  the  pathology  and  the  most  important 
forms  of  senile  cataract  were  so  exhaustively  considered  that  a  short  resume 
of  the  clinical  data  at  this  point  will  suffice. 

The  very  first  recognizable  signs  during  life,  of  a  beginning  senile  cat- 
aract, axe  the  very  delicate  fissures  in  the  deeper  portions  of  the  cortical 
substance,  which  totally  refiect  the  light.  These  are  followed  by  the 
'^riders,'*  which  develop  in  the  equatorial  region.  These  cloudy  striationa 
are  due  to  the  presence  of  a  chemically  changed  fluid  which  accumulates 
in  the  interspaces  as  the  result  of  processes  of  diffusion  going  on  between 
this  fluid  and  the  lens  fibres.  This  fluid  had  an  index  of  refraction  diflfer- 
ing  from  that  of  the  neighboring  lamellae.  The  cause  of  this  formation 
of  interspaces  is  to  be  found  in  the  pathological  shrinkage  of  the  nucleus, 
which  seems  to  be  a  preparatory  condition  to  the  formation  of  cataract 
As  a  rule  these  interspaces  make  their  first  appearance  in  the  cortical  sub- 
stance, in  the  equatorial  region,  because  in  the  region  of  the  poles  both 
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capsule  and  cortex  can  more  easily  follow  the  shrinking  nucleus  than  along 
the  equatorial  zone,  where  the  zonula  of  zinii  exerts  traction  in  an  opposite 
direction.  As  a  result  of  diffusion  between  these  spaces  and  the  contents 
of  the  fibres,  the  latter  suffer  changes  which  lead  to  molecular  disintegra- 
tion. 

During  the  time  these  processes  are  going  on,  possibly  even  preceding 
them,  without  exception,  hyperplasia  of  the  capsular  epithelium  is  pro- 
gressing, which  is  looked  upon  as  an  atrophic  hyperplasia. 

The  general  picture  which  these  striated  opacities  in  the  cortical  sub- 
stance present  at  this  time,  whether  observed  by  the  direct  illumination 
with  the  mirror  or  by  focal  illumination,  is  always  that  of  the  well-known 
arrangement  of  the  lens  fibres.  The  careful  observation  of  this  gradually 
developin-g  total  opacity  of  the  cortical  substance  which  surrounds  the 
sclerosed  nucleus,  has  led  oculists  to  a  series  of  names  which  designate  the 
condition  of  the  cataract. 

As  long  as  the  above  anatomically  described  condition  persists  and  but 
few  cloudy  striations  appear  in  the  periphery,  either  in  front  of  or  behind 
the  nucleus,  one  speaks  of  a  beginning  cataract  (cafaracta  incipiens).  Where 
this  cloudiness  has  advanced  further,  we  use  the  expression,  "unripe  cata- 
ract," {cataracta  nondum  maiura).  Although  there  can  be  no  sharp  line 
of  demarcation  between  these  two  stages,  nevertheless  ihey  can  be  kept 
apart  by  speaking  of  cataracia  incipiens  a.s  long  as  the  greater  portion'  of 
the  cortical  substance  is  not  cloudy.  When  the  entire  cortical  substance 
has  become  totally  cloudy,  we  speak  of  cataracta  matura.  At  times,  a 
further  distinction  is  made;  a  stage  immediately  preceding  that  of  ripe- 
ness is  described  as  cataracta  maturescens.  The  molecular  disintegration 
of  the  lens  fibres  is  accompanied  by  a  tumescence  or  swelling  of  the  lens, 
due  to  the  taking  up  of  water,  and  this  process  may  go  on  more  or  less 
rapidly.  This  may  proceed  so  rapidly  and  the  polar  diameter  of  the  lens 
so  increase,  as  to  become  evident  to  the  naked  eye;  and  press  the  iris  for- 
ward, so  as  to  lessen  the  depth  of  the  anterior  chamber. 

This  taking  up  of  water  is  followed  by  a  giving  off  of  the  same;  the 
tumescence,  by  a  reduction  in  volume.  If  from  the  depth  of  the  anterior 
chamber  one  can  judge  that  the  size  of  the  lens  is  equal  to  that  of  a  normal 
lens  we  call  this  a  cataracta  matura^  when  this  has  fallen  below  the  normal 
volume  we  speak  of  an  over-ripe  cataract,  cataracta  hypermatura. 

The  stage  of  ripeness  is  recognized,  on  focal  illumination,  by  the  sign, 
that  one  can  no  longer  recognize  dark  sectors;  and  on  using  the  op- 
thalmoscope,  even  when  the  pupil  is  dilated,  we  no  longer  get  a 
red  reflex  from  the  fundus.  One  must,  however,  direct  attention  to  the 
most  anterior  lamellae,  since  these  are  of  the  greatest  importance.    Owing 
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to  the  extreme  thinness  of  the  capsule  of  the  lens,  the  pigmented  edge  of  the 
iris  will  seem  to  lie  in  contact  with  the  lens  when  the  cortical  substance  is 
totally  opaque.  If  transparent  cortical  substance  is  still  present  behind 
the  iris,  on  focal  illumination  a  black  interspace  will  appear  between  the 
pupillary  edge  of  the  iris,  and  the  most  anterior  lamellae  which  reflect  the 
light.  This  is  known  as  the  projected  iris  shadow,  and  by  this  means  one 
can  determine  how  much  cortical  substance  still  remains  non-cloudy. 

The  ancient  operators  observed,  that  where  the  lens  had  become  completely 
cloudy,  it  would,  comparatively  speaking,  be  as  easily  removed  from  its  cap- 
sule as  a  ripe  fruit  be  shelled  out  of  its  pod;  hence  the  expression,  "ripe  cata- 
ract And  this  is  found  in  the  writings  of  Baron  Wenzel,  the  father  (1.  c,  p.  14); 
also  of  Percival  Pott,  1779  (Morgagni,  XIII,  18).  It  appears  after  the  expres- 
sion ''ripe  cataract"  had  for  a  time  fallen  into  discredit,  it  again  came  into 
general  use,  and  in  reality  there  can  be  no  objection  raised  to  its  use,  if  we 
associate  its  use  with  a  well  defined  condition,  such  as  was  described,  and  for 
which  we  are  indebted  to  Arlt  (1.  c,  p.  260). 

Our  knowledge  concerning  senile  cataract  has  advanced  in  more  ways 
than  one.  We  are  indebted  to  Priestly  Smith  for  one  important  step  for- 
ward. He  succeeded  in  demonstrating  that  the  cloudiness  in  the  senile 
lens  is  preceded  by  a  reduction  in  its  volume.  This  shrinkage  of  the 
nucleus,  which  I  had  looked  upon  as  proceeding  to  a  like  degree  in  all  sim- 
ilar lenses,  and  which  I  had  utilized  to  explain  the  occurrence  of  the  first 
fissures  and  splits  in  the  equatorial  region  as  the  result  of  the  fixed  position 
of  the  equatorial  region  in  consequence  of  the  zonula  zinii,  is  now  shaum  to 
be  developed  to  a  greater  degree  in  those  lenses  which  later  on  become  cata- 
radons,  than  in  those  which  remain  clear. 

On  pages  Q^y  67  it  has  been  shown  that  the  nucleus  of  a  senile  cataract 
has  a  different  chemical  constitution,  than  the  senile  nucleus  of  the  non- 
cataractous  lens.  Hence  one  might  assume  that  the  cause  of  the  increased 
shrinkage  of  the  nucleus  is  due  to  its  abnormal  chemical  constitution.  But 
since  this  has  only  been  proven  in  the  case  of  eholesterine  and  only  as  ex- 
ceedingly probable  for  albumen,  (Cahn,  Knies);  hence  it  yet  remains,  to 
make  the  same  chemical  analyses  of  the  nuclei  of  senile  non-cataractous 
lenses,  so  as  to  compare  the  two. 

"According  to  Jacobson  and  Cahn,  we  may  assume  that  both  the  eho- 
lesterine and  the  modified  albuminous  substance  are  not  carried  Into  the 
lens  from  without  by  the  nutritive  stream,  but  are  developed  from  the 
albuminous  substances  which  are  normally  present  in  the  lens.  Since  the 
changes  which  take  place  begin  in  the  nucleus  of  the  lens  (hence  in  its 
oldest  and  inmost  lamellae),  and  no  doubt  proceed,  just  as  do  the  normal 
processes  of  sclerosis,  very  slowly;  hence  we  may  draw  the  surprising  con- 


235 
elusion  that  the  preparation  for  the  formation  of  senile  cataract  has  been 
going  on  for  a  long  time.  That  is,  the  beginning  of  the  abnormal  chemical 
changes  in  the  nucleus  of  the  lens,  which  are  a  departure  from  the  normal 
sclerosis  of  the  ageing  lens,  and  which  lead  to  the  senile  cloudiness  of  the  lens, 
do  not  coincide  in  time,  to  the  period  when  we  observe  the  first  cloudiness 
€U  the  border  line  between  nucleus  and  cortex,  but  precede  this  by  many  years. 
Whether  or  not  a  person  shall  become  aflfected  with  cataract  in  his  sixtieth 
year,  in  all  probability  is  decided  at  forty.  Stress  has  already  been  laid  on 
the  fact,  that  senile  cataract  always  occurs  on  both  eyes,  though  one  lens 
may  be  affected  somewhat  later  than  the  other.  The  cause  of  this  must  be 
sought  in  an  altered  constitution  of  the  nutritive  Quids  of  the  entire 
organism.  True,  we  do  not  as  yet  know  what  this  something  is.  This  is 
probably  to  be  explained  by  the  fact,  that  we  have  not  as  yet  sought  at  the 
proper  time  or  place,  vhen  this  preparation  for  the  future  cataract  forma- 
tion is  going  on.  It  is  just  possible  that  these  departures  from  the  normal, 
whicb  later  on  lead  to  cataract  formation,  might  be  found  in  the  lenses 
of  persons  just  reaching  the  age  in  life  when  presbyopic  functional  symp- 
toms manifest  themselves,  and  just  in  those  lenses  which  apparently  one 
would  suppose  would  remain  perfectly  clear,  even  in  very  advanced  old  age. 
It  is  certainly  more  than  a  mere  coincidence  that  just  those  processes,  which 
take  place  in  the  nucleus  of  a  premature  senile  cataract,  and  which  differ- 
entiates it  from  the  senile  cataract,  erhould  occur  just  in  these  years,  when 
we  suppose  this  preparation  for  the  formation  of  a  senile  cataract  is  taking 
place.'^ 

The  question  of  hereditary  predisposition  to  cataract,  might  likewise 
be  elucidated,  if  we  would  try  to  discover  a  common  constitutional  pe- 
culiarity. If  one  finds  a  family,  as  I  have,  in  which  the  grandmother  de- 
vieloped  double  senile  cataract  without  any  known  complication,  at  57 
years,  the  father  at  48  years,  and  the  son  at  26  years,  one  can  not  help 
thinking  that  there  must  be  some  hereditary  constitution  cause. 

The  subsequent  taking  up  of  water  is  not  inconsistent  with  Priestly 
Smith's  assertion.  The  taking  up,  is  to  be  looked  upon  as  a  process  of 
diffosion  going  on  between  the  fluid  media  of  the  eye  and  the  already 
partially  cloudy,  hence  chemically  changed,  lens.  This  is  looked  upon  as 
the  second  stage  of  senile  cataract  formation. 

THE  AETIOLOGY  OF  SENILE  CATARACT.  As  we  have  seen, 
there  is  a  chemical  and  a  physical  difference  between  the  nucleus  of  a  sim- 
ple senile  lens  and  the  nucleus  of  a  senile  cataract.  As  a  result  of  this 
chemical  difference,  as  Priestly  Smith  has  shown,  there  is  an  increased 
shrinkage  of  the  nucleus  of  the  lens,  which  later  on  is  to  be  attacked  by 
cataract, and  this,  on  the  other  hand,  has  given  additional  support  to  Becker's 
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theory.  The  anatomical  proof  of  the  hyperplasia  of  the  intracapsular  cells 
which  invariably  accompanies  the  formation  of  senile  cataract,  aside  from 
the  above,  is  in  accord  with  the  theory  of  shrinkage. 

ALBUMINURIA  AS  A  CAUSE  OF  SENILE  CATARACT. 

''Deutschman,  since  he  found  albumen  in  the  urine  of  a  large  percent- 
age (33  per  cent.)  of  patients  suffering  from  senile  cataract,  attempted  to  set 
up  a  special  form  of  cataract — cataracia  nephriiica.  After  attention  was 
drawn  to  this  fact,  the  percentage  in  my  clinic  also  rj[>8e;  thus,  in  1881  it 
was  2  per  cent.,  whereas  in  1882  it  was  18.8  per  cent.  Though  chronic 
nephritis  does  occur  frequently  in  old  people,  this  does  not  by  any  means 
prove  that  there  is  a  causative  relationship  between  the  two.  And  if  the 
above  explanation,  as  to  the  time  when  the  basis  is  laid  for  the  later  devel- 
oping cataract,  is  not  totally  erroneous,  the  mere  fact  that  both  these  dis- 
eases are  present  at  the  same  time,  does  not  by  any  means  prove  a  causative 
relationship  between  the  two." 

"Although  chronic  nephritis  and  albuminuria  belong  to  the  constitu- 
tional diseases,  which,  as  we  know,  may  at  times  lead  to  de^p-seated  and 
almost  always,  disease  of  both  eyes,  and  which  may  easily  affect  the  consti- 
tution of  the  vitreous,  for  the  present,  at  least,  the  causative  relation  be- 
tween chronic  nephritis  and  cataract  can  not  be  looked  upon  as  proven." 

ATHEROMA  OF  THE  CAROTID  AS  A  CAUSE  OF  CATARACT. 

"MicheFs  statement,^^  "that  atheroma  of  the  carotid  is  a  very  intimate 
causative  factor  in  the  production  of  senile  cataract,  as  well  as  in  the  pro- 
duction of  cataract  in  one  eye,"  seems  to  find  but  sHght  support,  in  fact. 
Based  on  a  collection  of  the  cases  reported,  and  a  few  experiments  of  his 
own  and  clinical  histories,  some  with,  some  without,  post  mortem  exam- 
ination, Michel  assumes  as  proven,  that  pronounced  interference  with  the 
circulation  in  the  carotid  may  cause  very  great  interference  in  the  eye  on 
the  same  side;  and  he  further  believes  that  where  the  circulation  in  both 
carotids  is  interfered  with  for  a  long  time,  this  will  gradually  lead  to  an 
increase  of  those  pathological  processes  which  characterize  themselves  by 
interference  with  the  nutrition  of  the  eye.  Michel  says  atheroma  of  the 
carotid  is  such  a  disease,  and  such  a  nutritive  disturbance  leads  to  cataract." 

"Michel  goes  on  to  state,  "owing  to  the  rigid  walls  of  the  arteries,  the 
pulse  waves  are  not  carried  suiRciently  far,  and  in  consequence  of  the  loss 

26  Das  verhalten  des  Auges  bel  storungen  lin  Circulationsgeblet  der  Carotls 
in  Beltrage  zur  Opthalinologie  als  Festgabe  fur  Frledrich  Horner.  Wlonbaden, 
1881. 
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of  elasticity,  the  column  of  blood  is  not  propelled  onward.    Hence,  a  certain 

slowing  up  of  the  movement  of  the  blood  follows,  and,  as  a  result,  changes 

of  nutrition  follow. 

It  is  easily  seen,  that  the  explanation  is  based  on  a  false  premesis,  for 
ceteris  paribus,  a  column  of  fluid  will  hse,  not  slower,  but  more  quickly  in 
a  rigid  tube;  but  when  the  propelling  force  acts  periodically,  the  column 
will  not  ascend  continuously,  but  intermittently.  When  fluid  is  forced  into 
a  tube  periodically  it  will  also  flow  out  periodically,  since  the  same  amount 
of  fluid  must  flow  out  at  the  one  end  of  a  tube  as  is  forced  in  at  the  other 
end,  under  a  certain  degree  of  pressure.^  However,  in  rigid  tubes,  the 
changes  in  the  degree  of  pressure  is  greater  than  in  elastic  tubes.  Where 
the  outflow  is  not  a  free  one,  the  conditions  are  not  the  same.  Where  the 
interference  is  ver}'  great,  the  advancement  of  the  column  of  blood  is  slowed, 
and  the  blood  in  the  left  heart  is  under  heavier  pressure.  In  atheroma, 
owing  to  the  diminution  of  the  lumen  of  the  smaller  arteries  and  capillaries, 
this  resistance  is  increased.  Whereas  an  atheromatous  degeneration  of  the 
vessels  of  the  eye,  whether  this  be  combined  with  an  atheroma  of  the  caro- 
tid or  not,  would  influence  the  nutrition  of  the  eye,  more  especially  the  lens. 

"However,  notwithstanding  the  want  of  a  proper  explanation,  the  con- 
nection between  atheroma  of  the  carotid  and  cataract  is  still  pointed  out, 
hence  I  have  had  the  last  fifty-three  patients  taken  up  at  the  cUnic  for 
spontaneously  developed  cataract  examined  in  this  regard  in  order  to  test 
Michel's  statements.  I  was  all  the  more  induced  to  do  this,  owing  to  an 
experiment  known  to  me  which  appeared  to  have  some  direct  bearing  on 
the  connection  between  one-sided  atheroma  and  cataract  on  the  same  side, 
and  which  seems  entirely  to  have  escaped  Michel's  notice.  Heubel  ^  writes: 
"One  can  easily  bring  about  a  cloudiness  of  the  lens,  truly  only  after  the 
death  of  the  rabbit,  if  one  injects  a  concentrated  sugar  solution  in  the 
peripheral  end  of  the  common  carotid.  Death  nearly  always  follows  im- 
mediately after  the  injection,  but  simultaneously  or  a  few  minutes  later 
one  always  observes  the  lens  on  the  same  side  assume  at  first  a  faint,  grad- 
ually-increasing cloudiness,  and  hence  one  may  assume  that  this  form  of 
cataract  develops  just  as  it  does  in  the  rabbit." 

"Perhaps  I  would  not  have  decided  to  place  my  negative  results  oppo- 
site the  positive  results  of  Michel  were  it  not  for  the  recent  publication  of 
a  dissertation  by  Marion  von  Karwat,  written  under  ^fichel's  direction,^  and 
which  indicates  that  even  at  the  present  day  he  holds  fast  to  his  conclu- 
de See  RoUet,  Physiologie  der  Blutbewegung  In  Herman,  Handbuch  der 
PbyBlologle,  IV,  1,  p.  177. 

27  Quoted  above,  1,  p.  164. 

28  Beltrage  zur  Erkranknng  des  Anges  bei  Carotis  atherom.  Wurzburg,  1883. 
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sions,  and  if  according  to  an  observation  of  Mooren's  he  did  not  look  upon 
this  as  a  proven  fact.  In  his  "Funf  Lustreti  Opthalmologischer  Wirk- 
samkeit"  he  says  (page  197):  "Michel's  beautiful  experiments  have  proven 
to  us  the  connection  between  the  development  of  cloudiness  of  the  lens 
'  and  sclerotic  (atheromatous)  changes  in  the  walls  of  the  carotid."  Such 
a  thoughtless  assent  on  the  part  of  Mooren  becomes  all  the  more  con- 
spicuous^ because  Mooren^*  states  that  atheroma  of  the  carotid  is  the  cause 
of  senile  cataract.  Michel,  however  (p.  45),  purposely  avoids  stating  that 
the  condition  of  affairs  are  such,  but  that  there  is  a  direct  connection  be- 
tween cloudiness  of  the  lens  and  atheroma  of  the  carotid,  but  not  that 
where  this  condition  exists,  there  is  also  a  like  change  in  the  vessels  of  the 
choroid.  But  he  distinctly  states:  "In  not  a  single  case  where  it  was  pos- 
sible to  make  an  opthalmoscopic  examination  after  an  extraction  could 
changes  be  found  in  the  arterial  vessels  of  the  retina."  He  further  points 
out  the  fact  that  if  this  were  the  case,  the  functions  of  the  eye  would  suflfer 
more  frequently  than  is  the  case. 

In  order  that  this  examination  should  be  conducted  in  the  most  per- 
fect and  reliable  manner,  I  begged  of  Prof.  Adolf  Weil  to  conduct  the 
same.  He  was  kind  enough  to  do  this  with  the  greatest  conscientiousness, 
and  has  permitted  me  to  publish  the  results,  together  with  his  views  on  the 
subject. 

^'Michers  ideas  have  awakened  a  number  of  priori  thoughts.  In  the  first 
place,  it  is  diflScult  to  understand  how,  with  the  existing  anastomosis  between 
the  two  carotids  and  the  vertebral  arteries,  an  atheromatous  change  in  one  car- 
otid artery,  the  vessels  of  the  eye  itself  being  normal— and  such  he  expressly 
states  to  be  the  case-could  bring  about  disturbance  in  the  lens.  It  is  also 
remarkable  that  though  he  continually  speaks  of  a  connection  between  cloudi- 
ness of  the  lens  and  sclerosis  of  the  carotid,  he  fails  to  state  whether  he  has 
reference  to  the  common  carotid,  the  internal  or  external.  The  internal  carotid, 
even  in  thin  people,  is  not  accessible  to  palpation;  hence,  we  must  assume  that 
his  remarks  refer  to  the  carotis  communis,  or  the  external.  The  relative  fre- 
quency of  atheroma  in  young  people,  the  isolated,  more  especially  the  involve- 
ment of  the  carotid,  the  occurrence  of  arterio-sclerosls  on  one  side,  the  absence 
of  all  other  symptoms  which  would  point  to  atheroma  of  the  carotid  in  which 
we  find  true  aneurysmal  formation.  It  is,  however,  as  unknown  for  an  aneu- 
rism of  the  carotid  to  bring  on  a  cataract  Notwithstanding  these  objections. 
It  nevertheless  seemed  proper  to  determine  by  renewed  investigation  whether 
these  two  conditions  really  existed  at  the  same  time,  though  no  direct  connection 
between  the  two  could  be  proven.  For  this  purpose  the  circulatory  system  of 
fifty-three  cataract  patients  was  examined,  without  the  examiner  knowing  any- 

29  Opthal'mish  Beobachtungen.   Berlin,  1867. 
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thing  concerning  the  special  condition  of  the  cataract  (As  to  which  side  the 
cataract  was  confined,  whether  it  was  on  one  or  both  sides,  etc.)  Examination 
was  made  of  the  heart,  the  brachial  and  the  radial  arteries,  and  the  portion  of 
the  carotis  communis  and  externa  which  were 'accessible  to  palpitation^  to  de- 
termine whether  the  carotids  were  atheromatous  or  not.  This  palpitation,  bow- 
ever,  is  mnch  more  difficult  than  in  the  case  of  the  radial  or  brachial  arteries, 
which  can  be  more  easily  encompassed  and  compressed.  Judgment  as  to 
whether  the  carotid  is  more  or  less  tortuous,  or  whether  the  pulsations  are 
more  marked,  must  surely  be  more  uncertain,  unless  the  degree  of  change  is 
Tery  great  or  unless  comparison  between  the  right  and  left  offers  a  very  great 
difference.  It  must,  however,  not  be  forgotten  that  even  under  normal  circum- 
stances the  right  carotid  communis  is  often  thicker  than  the  left.  And  a  moder- 
ate dilation  of  the  upper  end  of  the  common  carotid— a  sort  of  bull>— according 
to  the  general  opinion  of  anatomists  must  not  be  looked  upoo  as  pathological. 
Bvery  experienced  examiner  will  agree  with  me  when  I  state  that  the  width 
and  the  tension  in  the  arterial  tube,  as  well  as  the  height  of  the  pulse  wave, 
not  only  in  different  individuals,  but  even  In  the  same  individual,  varies  greatly 
at  different  times.  Hence,  one  will  only  be  able  to  diagnose  with  certainty 
changes  in  the  walls  of  the  arteries  (thickening  and  rigidity),  when  the  anom- 
alie  of  width  and  tension  of  the  arterial  tube,  as  well  as  the  pulse  wave,  ex- 
ceed a  certain  degree." 

The  following  table  gives  the  results  of  Weil^s  Examinations: 
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1.  The  asterisk  marks  the  four  cataracts  which  occurred  only  on  one  eye. 

2.  Both  of  the  boys'  eyes  eleven  and  twenty  years,  had  zonular  cataract. 

3.  The  man  of  thirty-eight  had  albuminuria. 

4.  Of  the  five  patients  between  forty  and  fifty  years,  three  had  nuclear  cata- 
ract (Becker),  one  had  albumen  in  the  urine.  One  was  a  rapidly  dcTelopIng 
tumescent  cortical  cataract,  without  the  presence  of  sugar  in  albumen. 
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"Hence,  in  but  sixteen  cases  was  there  any  disease  of  the  carotid  to  be 
found,  whereas  in  thirty-seven  cases  this  was  not  the  case.  Of  the  sixteen, 
but  six  had  atheroma  on  the  side  of  the  lens  which  first  became  cloudy;  in 
ten  this  was  not  the  case.  This,  however,  only  occurred  in  individuals 
who  had  passed  the  fortieth  year.  In  the  four  cases  with  cataract  on  one 
eye,  the  condition  of  the  circulatory  apparatus,  especially  of  the  carotid, 
was  found  to  be  normal.  It  would  hardly  seem  necessary  to  examine  into 
this  table  any  further.  This  much,  however,  must  be  patent  to  every 
unbiased  reader;  namely,  that  both  Michel  and  Mooren  have  gone  too  far, 
in  that  the  former  assures  us  that  there  is  an  aetiological  connection  be- 
tween the  so-called  senile  cataract  and  the  one-sided  cataract  of  unknown 
aetiology,  and  that  atheroma  of  the  carotid  oflfers  a  satisfactory  explanation 
for  this  cloudiness  of  the  lens,  and  the  latter  in  giving  assent  to  the  utter- 
ance." 

"Hence,  I  find  myself  placed  in  the  peculiar  position  of  defending  my 
position  against  Mooren  by  Mooren's  own  statements  made  many  years  ago, 
and  in  which  he  expressed  the  correct  views  concerning  the  aetiology  of 
cataract  (1867)." 

"In  the  above  I  have  given  my  reasons  which  prevent  me  from  accept- 
ing the  views  of  Deutschman  and  Michel  concerning  the  genesis  of  certain 
forms  of  cataract.  There  is  possibly  some  basis  of  truth  in  both,  for  chronic 
nephritis  is  frequently  accompanied  by  disease  of  the  smaller  blood-vessels 
and  capillaries.  According  to  some  authorities  this  disease  of  the  blood 
vessels  is  the  cause  of  the  nephritis.  Likewise,  even  though  Michel  can 
not  convince  himself  of  the  fact,  we  may  assume  that  where  there  is  ather- 
oma of  the  carotid  there  is  likewise  disease  of  the  smaller  arteries,  especially 
the  smaller  branches  of  the  opthalmic.  This  pathological  condition  of  the 
vessels  of  the  Uvea  wottld  then  offer  "us  the  intermediate  link  in  the  chain 
between  cloudiness  of  the  lens  on  tJie  one  hand,  and  nephritis  and  atheroma 
of  the  carotid  on  the  other.  As  I  have  already  shown,  both  diseases  may 
then  be  utilized  to  explain  the  occurrence  of  cataract  even  on  the  one  eye, 
if  statistics  made  on  a  large  scale  once  demonstrate  the  more  frequent 
occurence  of  either  two.  And  here  it  is  proper  to  point  out  the  important 
fact,  that  in  the  microscopical  examination  of  cataractous  eyes  more  atten- 
tion might  be  given  to  the  condition  of  the  choroidal  vessels." 

In  bis  Pathology  and  Therapy  (Sec.  67,  p.  261)  Becker  draws  attention  to 
some  interesting  points  concerning  tlie  aetiology  of  senile  cataracts.  He  quotes 
Walter  and  Arlt,  who  claim  that  eyes  with  a  blue  iris  are  more  frequently  af- 
fected than  those  with  a  brown  iris,  for,  says  Arlt:  "the  pigment  in  the  iris 
prevents  the  lens  from  being  acted  on  to  so  great  a  degree  by  the  light."  Though 
Yager,  Arlt,  and  Hasner  conclude  that  more  men  are  affected  than  women,  in 
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proportion  of  4.3,  Becker  concludes  that  though  this  may  apparently  be  a  fact, 
he  goes  on  to  state:  **Many  of  the  patients  taken  up  in  clinics  come  a  long 
distance  to  be  operated.  The  most  of  these  are  poor  people,  so  that  the  ex- 
penses of  such  a  Journey  are  met  under  great  difficulties.  Hence,  since  Tision  to 
man  is  of  greater  value  than  to  woman,  since  he  must  carry  on  his  occupation, 
in  order  to  earn  money  to  supply  the  necessities  of  life;  hence,  this  fact  alone 
will  explain  why  it  is  that  more  men  are  operated  than  women. 

It  has  already  been  stated  that  cataract  occurs  with  greatest  frequency 
in  the  young  and  in  the  aged,  and  it  is  worthy  of  note  that  after  the  seventieth 
year  there  is  a  very  marked  decrease  In  the  proportion  of  frequency.  lu  882 
cataracts  occurring  between  25  and  85  years,  626  occurred  between  45  and  70 
years  (Arlt).  The  majority  of  senile  cataracts  occurred  between  the  50th  and 
70th  year. 

Station  and  occupation  do  not  appear  to  exert  much  of  an  influence.  Cata- 
ract has  been  observed  in  the  English  royal  family.  It  is  probable  that  King 
Wenzel  of  Bohemia  had  a  cataract.  King  Don  Juan  of  Aragon  was  operated  by 
Rabbi  Aklabar,  of  Lerida,  for  cataract  in  146829a  Gladstone,  the  great  English 
Premier,  was  successfully  operated  in  1895  by  Nettleship.  But  if  senile  cataract 
occurs  but  seldom  among  the  rich  and  notable,  this  may  be  explained  by  the 
fact  that  this  class  forms  but  a  small  percentage  of  the  entire  population. 

Dr.  Meyerhoefer  80  draws  attention  to  the  fact  that  cataract  develops  in 
glass  makers.  In  an  examination  of  500  persons  he  found  opacities  in  the 
lenses  of  59,  and  4  had  total  cataract.  This  he  attributes  to  the  excessive  heat 
of  the  oven,  and  the  exceedingly  profuse  perspiration,  which  withdraws  large 
quantities  of  fluid  from  the  body. 

The  subject  of  heredity  had  already  been  touched  upon.  A  long  list  of  ob- 
servers could  be  mentioned  who  have  recorded  cases  proving  that  heredity 
plays  an  important  role.  Among  these  we  find  the  names  of  Beer,  Rlchter, 
Arlt,  Dupuytren,  Sanson,  Streatfleld,  Susardi,  Dyer,  Roux,  Maunolr,  Sichel, 
Ullmann,  Bartard,  Hirschberg,  Armalgnac,  Galezowski  and  others.  Carreas  y 
Argo  31  has  given  us  a  complete  review  of  this  subject,  and  concludes,  that  the 
hereditary  cataracts  by  preference  attack  individuals  belonging  to  the  same 
sex,  as  the  one  so  flrst  affected;  further,  that  the  cataracts  do  not  always,  as 
many  authorities  contend,  develop  at  the  same  time  of  life  as  in  the  previous 
generation,  but  quite  the  contrary  at  an  earlier  date,  and  may  even  develop  at 
birth.  Galeowski  places  the  hereditary  percentage  at  from  four  to  five  per  cent. 
It  is  also  noteworthy  that  the  heredity  is  not  always  continuous;  it  may  skip 
a  generation. 

Galeowski,32  in  the  course  of  nineteen  years  among  128,000  patients,  noted 


2»a  ITUersperger  A.  F.  O.,  2,  p.  272. 

30Zur  Aetiologle  des    Grauen    Staares  Jugendlicher  Indivlduen    bei    Glass 
macher.    Zehender's  Monatsblatt,  1886. 

31  Hirschberg's  Centralblatt,  August,  1884,  p.  466.   '*Von  der  Erblichen  Cata- 
racten  und  ihrer  Ubertragung  auf  Indivlduen  des'gleichen  Geschlectes." 

32  De  la  marche  el  du  prog  des  Cataract.  Reciveil  d'Opth,  May,  1885. 
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4J76  cataracts  (1,646  senile,  IdO  traumatic,  1,680  cortical,  231  congenital.  130 
capsular,  94  diabetic,  128  choroidal).  He  ascribes  the  principal  aetiological  fac- 
tors, aside  from  trauma,  to  heridity,  gout,  age  and  the  various  diseases  of  the 
choroid. 

0. 

CATARACTA  HYPERMATURA. 

Subsequent  to  the  stage  of  ripeness  of  senile  cataract,  one  of  two  dia- 
metrically opposite  changes  may  take  place.  Either  as  a  result  of  the 
giving  off  of  water  the  cataractous  mass  may  become  smaller  and  inspisated 
— cataracta  hypermatura  reduda — or  the  cloudy  substance  becomes  fluid 
and  the  nucleus  sinks  to  the  bottom  of  the  sac,  during  which  process  chol- 
estearin,  and  possibly  fat,-  are  formed,  without  great  development  of  dnisen, 
capsular  cataract,  cataracta  Morgagniana. 

1.  CATARACTA  HYPERMATURA  REDUCTA. 

It  appears  that  in  a  large  number  of  cataracts  which  have  passed  the 
stage  or  ripeness,  the  giving  off  of  water  continues,  and  the  inspisated  cat- 
aractous mass  consists  of  degenerated  lens  fibres.  The  cataract  has  the 
appearance  of  a  drop  of  dried  carpenter's  glue,  and  though  the  radiating 
striations  do  not  entirely  disappear,  these  are  now  associated  with  a  number 
of  quite  regularly  arranged  transverse  striations.  When  the  pupil  is  di- 
lated the  appearance  is  very  similar  to  that  of  a  spiderweb.  About  this 
time  the  cortical  substance,  and  with  it  the  entire  cataraot,  may  again  be- 
come transparent.  We  may  assume  this,  since  at  times  patients  who  are 
waiting  for  the  second  eye  to  become  blind  before  coming  for  operation, 
observe  that  they  are  again  beginning  to  see  something  with  the  first  af- 
fected eye  (Arlt  1,  c.  p.  260.)  The  lens  may  remain  in  this  condition  for 
years.  In  course  of  time,  however,  a  capsular  cataracta  develops.  These 
are  the  cases  of  true  phako  scleroma. 

As  far  as  microscopical  examination  goes  this  has  shown  the  presence 
of  fatty  drops,  so-called  myelin,  cholestearin  plaques,  calcareous  granules 
and  pieces  of  lens  fibres. 

2.  CATARACTA  HYPERMATURA  FLUIDA. 

CATRACTA  MORGAGNIANA. 

In  another  series  of  cases  we  find  that  though  the  volume  of  the 
tumescent  cataract  is  reduced  below  that  of  the  normal  volume  of  a  senile 
Jens,  it  does  not  become  inspisated,  but  becomes  even  more  fluid  than  it 
was  during  the  stage  of  tumescence.  Under  these  conditions  it  becomes 
exceedingly  difficult,  and  in  some  cases  it  is  impossible,  to  get  anything 
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like  a  distinct  reflex  of  the  nucleus  on  focal  illumination.  The  cataract 
has  a  greyish%yellow  color,  and  one  can  no  longer  detect  any  striations.  A 
different  picture  can  be  produced  by  having  the  patient  bend  his  head  for- 
ward for  a  time.  After  a  time  one  will  then  be  enabled  to  observe  a  brown- 
ish, more  or  less  circular  disc,  which  will  disappear  if  he  bends  his  head 
backward.  These  changes  are  due  io  the  fact  that  the  nucleus  is  floating 
in  a  fluid  cataractous  mass,  and  hence  can  change  its  position.  Being 
specifically  heavier,  it  sinks  to  the  floor  when  the  head  is  in  the  upright 
position,  and  changes  its  position  with  the  relative  position  of  the  head. 
Such  nuclei  have  a  very  similar  likeness  to  a  lentil,  are  perfectly  smooth 
and  transparent. 

Pathologie  and  Theraple,  Sec.  68,  p.  264.  H.  Muller  (1.  c,  p.  263)  bad  the 
opportunity  of  making  an  anatomical  examination.  He  says:  "On  opening  the 
capsule,  a  thin,  yellowish  pus-lilce  fluid  escaped,  which  seemed  to  contain  only 
very  delicate  pale  molecules.  A  dense  cloudiness  followed  the  addition  of  acetic 
acid,  and  in  excess  this  cloudiness  again  disappeared,  a  few  flakes  remaining. 
Under  the  microscope  this  pasty  fluid  was  found  to  contain  myelin,  fat  and 
cholestearin. 

Page  265.  I  have  not  been  able  to  positively  determine  the  name  of  him, 
or  for  which  particular  variety  the  name  C.  Mwgagniana  was  flrst  used.  Mor- 
gagni  (1.  c,  Epis.  63,  6)  described  a  case  which  may  have  led  to  the  use  of  this 
name.  He  gives  the  following  description  of  the  eye  of  a  man  40  years  of  age 
who  in  youth  had  had  smallpox,  and  who  acquired  a  corneal  cicatrix,  in  con- 
sequence of  which  he  was  nearly  blind.  "Scleroticam  igitur  cuma  tergo  vix 
inddere  coepissem;  limpida  aqua  statim  eflluxit,  it  quam  pass  magna  vitrei 
hnmoris  videri  poterat  abiisse,  cum  pass  rellqua,  naturali  quadantenus  similis, 
annexa,  ut  solet  crystallino  humori  restitisset  qui  illam  cum  retrosum  traherem, 
secutus  est.  Is  parvus  erat  secundum  om  nes  dimensiones,  crassit  autem 
vel  panlo  minor  quam  ejusmodi  oeulo  conveniret.  Facie  anteriore  in  medio 
cral  albus,  siucti  per  corneam  transpexeram,  caetera  albidus;  et  cum  inter  digi- 
tos  leviter  comprimerem,  mollis.  Cumvero  ejus  tunican  incidere  coeppisem; 
continuo  apua  erupit,  nihil  purulent!  habens,  imo  pura,  el  limpida,  eague  copia 
pro  parvitate  crystallini,  ut  hie  statim  ad  multo  minorem  crassitudlnem  redig- 
eretnr.  Quidquid  de  substantia  ipsius  reliqum  fuit,  lentls  pristinam  flguram  re- 
tinuit;  el  cum  per  diametrum  disse  cuissem;  utraque  sectio  quandam  quasi 
seriem  mimarum  nigrescentiam  particularum  ostendit,  quae  per  medium  recta 
ab  uno  ad  alteram  sectionio  ducebatur,  cum  ubrique  alibi  color  absolete  albidus 
appareret." 

Aside  from  the  fact  that  this  is  the  first  report  of  a  case  of  detachment  of 
the  vitreous,  one  could  call  this  a  case  of  cataracta  Morgagnia,  as  we  understand 
it  today.  Here  we  find  a  capsular  cataract,  a  fluid  corticalls,  and  within  a 
regularly  floating  nucleus.  In  one  point  only  does  it  not  tally;  the  fluid  which 
escaped  was  clear  not  cloudy.    I  could  find  no  reference  to  this  case  by  authors 
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Which  would  tend  to  show  that  they  based  their  writings  on  the  above  case. 
Jamln  (1.  c,  p.  243  and  264)  describes  two  cases,  in  one  of  which  the  nucleus 
was  found  floating  In  a  milky  cortical  substance,  the  nucleus  being  a  regular 
brown,  the  other  showed  a  greyish  blue,  sllnjy  corticalis,  after  the  evacuation 
of  which  a  perfectly  transparent  nucleus  remained,  by  means  of  which  the 
patient  is  said  to  have  been  able  to  read  and  see  small  objects  without  the  use 
of  glasses.    In  a  foot  note,  speaking  of  the  first  c^se,  Jamin  says  (1.  c,  p.  244) 
that  the  cloudy  fluid  was  simply  altered  humor  Morgagni,  and  that  in  the  sec-  . 
ond  case  the  humor  Morgagni  was  simply  cloudy.    The  statements  of  Morgagni 
in  reference  to  this  matter  are  found  in  his  ''Adversaria  Anatomica  Sexta  Anlma 
Adversa,  LXXI,"  and  reads  as  follows:    ''Delude  eadem  tunlcam  in  vitulis 
etiam,     bobusque     sive     recens,     sive     non     ita     recens,     occisis     perforata 
plures    animadverti    illico    humorem  quendam  aqueum  prodire;    quodet  et  in 
homine  observare  visus  sum.''     Hfmly  (1.  c,  p.  229)  bases  his  statements  on 
the  writings  of  Jamin,  and  is  of  the  opinion  that  Morgagni  was  the  flrst  to 
differentiate  between  Morgagnl's  cataract  and  milk  cataract,  and  also  accepts 
the  name  for  the  second  condition.     Beer  (1.  c,  p.  292)  likewise  uses  the  one 
name  for  both  varieties.    Notwithstanding  this  I  would  have  doubted  the  exist- 
ence of  such  a  condition  had  not  Arlt  (1.  c,  II,  p.  257)  described  a  case  belong- 
ing to  this  variety.    Owing  to  its  rarity  I  will  give  an  abbreviated  quotation. 
A  girl  9  years  of  age  had  cataract  on  both  eyes,  and  these  had  developed  six 
to  eight  weeks  subsequent  to  birth.    The  cataracts,  which  were  yellowish  grey 
in  color,  with  here  and  there  greyish  opacities,  were  about  1  mm.  removed 
from  the  iris,  and  the  patient  saw  sufllciently  to  get  about.     On  dilating  the 
pupils  a  milky  fluid  was  disclosed  in  both  capsules  surrounding  both  nuclei,  not 
unlike  a  hypopyon.    Tlie  nuclei  changed  their  position  with  every  movement 
of  the  head.    For  two  years  the  amount  of  vision  remained  unchanged.    In  the 
eleventh  year  the  discission  was  made.    After  incision  of  the  capsule  a  quantity 
of  cloudy  fluid  escaped,  and  the  pupils  appeared  black.    The  child  could  now 
recognize  the  fingers  of  the  hand,  a  handkerchief,  etc.    On  the  twelfth  day  a 
decided  reaction  set  in— hydro  meningitis.    The  lens  gradually  became  cloudier 
and  more  voluminous,  and  after  three  months  was  totally  resolved.    Arlt  spe- 
cifically designated  this  as  a  cataract  Morgagni,  though  his  description  is  ex- 
actly that  of  a  cataract  Morgagni,  as  we  have  described  it  In  the  aged.    All  the 
late  authorities  use  the  name  only  for  those  cases  where  the  cortical  substance 
becomes  fluid  in  advanced  life,  and  the  hard  nucleus  sinks  to  the  bottom  of  the 
sac.     If  we  wish  to  do  Justice  to  both  varieties,  one  ia  compelled  to  include 
under  the  name  cataract  Morgagni  all  those  cases  in  which  the  cortex  is  fluid 
and  the  nucleus  hard,  aside  from  the  color  of  the  nucleus,  which  in  age  is 
sclerosed,  whereas  In  youth  this  is  soft  and  transparent. 

A  later  examination  is  by  Knies,  (p.  182),  who  examined  a  ease  in 
which  Horner  had  made  the  extraction;  the  ease  of  a  woman  forty-three 
years  of  age.  "The  entire  anterior  capsular  epithelium  was  normal;  in  the 
equatorial  region  there  was  an  excessive  proliferation  and  many  of  the  well- 
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known  large,  round  vesicles,  partly  containing  nuclei,  other  new  formations^ 
such  as  we  are  accustomed  to  find  in  the  so-called  crystalline  pearls.  As  yet 
we  can  not  state  whether  we  are  to  seek  the  cause  of  ^he  Morgagni's  cata- 
ract in  a  perverted  crystalline  pearl  formation  in  which  the  epithdial  cells 
have  undergone  a  mucoid  or  similar  change.  "The  nucleus  shows  no 
change  different  from  that  observed  in  other  cataracts;  the  fluid  between 
it  and  the  capsule  was  coagulated  by  the  hardening  fluid,  (alcohol  and  Mul- 
leins fluid)  ,and  consisted  largely  of  myelin  globules  and  detritus,  in  which 
nothing  special  could  be  recognized." 

If  we  will  designate  every  cataract  in  which  the  cortical  substance  has 
become  fluid  as  a  caiaracia  Morgagniana,  we  will  meet  with  it  at  every 
period  of  life,  even  congenitally.  Only,  the  fluid  cataracts  of  youthful  in- 
dividuals do  not  possess  a  nucleus.  However,  in  these  cases  one  frequently 
finds  present  in  the  fluid  an  unusually  large  quantity  of  carcareous,  finely 
granular  matter,  and  crystals.  If  the  eye  is  kept  perfectly  quiet  for  a  time 
the  calcareous  matter  gravitates  to  the  bottom;  whereas  above,  there  will 
be,  relatively  speaking,  a  clear  fluid.  If  the  eye  is  moved  about,  the  cataract 
assumes  a  milky  hue.  In  the  few  cases  of  cataracta  lactea  examined,  just 
as  in  the  firm  cataracta  calcarea,  the  epithelium  of  the  anterior  capsule  was 
foimd  practically  destroyed. 

In  older  individuals  one  always  finds  a  nucleus  in  the  fiuid  cortical 
substance.  The  volume  of  the  nucleus  depends  on  the  age  of  the  indi- 
vidual; the  younger  the  individual,  the  smaller  the  nucleus.  Nevertheless, 
the  age  of  the  cataract  must  be  taken  into  consideration  as  a  factor;  for  at 
times  one  does  find  a  veiy  small  nucleus  in  old  people;  so  that  one  must 
assume  that  the  decrease  in  the  volume  of  the  nucleus  is  the  result  of 
maceration  in  the  fluid  corticalis.  The  smallest  nucleus  Becker  extracted 
was  obtained  from  a  man  fifty-seven  years,  and  it  weighed  in  its  fresh  state 
0.07  grm.  The  normal  weight  of  a  lens  of  the  same  age  is  0.24  grm.,  and 
the  weight  of  a  large  nucleus  of  a  mature  cataract  about  0.13  grm.,  so  that 
the  supposed  melting  away  of  the  nucleus  must  have  equaled  about  one- 
half  in  its  weight. 

I  have  frequently  examined  the  cortical  mass,  and  have  always  found 
cholesterine  and  fat. 

THE  CONDITION  OF  THE  INTKACAPSULAR  CELLS  IN  OVER- 
RIPE CATARACTS. 

Almost  without  exception,  in  cases  of  cataracta  hypermatura  reducta; 
less  frequently  in  cases  of  cataracta  Morgagniana  which  have  existed  for 
any  length  of  time,  we  find  capsular  cataracts  developing.    All  the  various 
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stages  which  have  been  described  in  the  earlier  part  of  this  work  are  met 
with  here. 

I  desire,  however,  to  draw  attention  to  a  point  in  the  genesis 
of  capsular  cataract,  which  was  probably  not  sufficiently  dwelt  upon. 
If  after  the  volume  of  the  lens  is  reduced;  during  the  time  of  prep- 
aration for  the  cataract  formation  is  going  on,  and  the  epithelial  cells, 
which  have  not  lost  their  formative  power,  are  incited  to  reproduction;  the 
question  might  be  asked,  why  it  is,  that  the  former  method  of  formation  of 
lenfl  fibres  at  the  whorl  does  not  continue  and  proceed  to  the  laying  down 
of  new  lens  fibres  and  lamellae.  Vndovbtedly  the  epithelium  must  have 
undergone  a  change  which  prevents  this,  A  normal  increase  is  only  pos- 
sible where  the  formation  of  new  cells  is  distributed  over  the  entire  epi- 
thelial surface  and  where,  as  a  result  of  indirect  nuclear  division,  the  new 
cells  force  themselves  in  between  the  old,  and  thus  cause  a  gradual  move- 
ment toward  the  equator.  If  we  will  now  assume  that  this  power  to  move 
along  the  inner  surface  of  the  capsule  is  lost  to  the  cells,  which  have  fallen 
a  prey  to  the  simple  senile  atrophy;  hence  the  new-formed  cells  will  like- 
wise be  retarded  in  this  power  of  locomotion,  and  will  form,  at  the  place 
where  they  are  developed,  heaps  of  cells  which  in  the  further  course  of 
changes,  gradually  go  over  to  form  a  capsular  cataract.  This  loss  of  power 
of  locomotion  hence  becomes  an  essential  factor  in  the  formation  of  a  capsular 
cataract.  This  assumption  is  supported  by  the  fact,  that  along  the  postmor 
capsule,  where  the  hindrance  does  not  exist,  one  so  frequently  finds  a  com- 
plete epithelial  covering  developing  from  the  cells  along  the  equator. 

As  Knies  and  Muller  have  stated,  in  Morgagni's  cataract  one  fre- 
quently finds  the  epithelium  as  well  preserved  as  in  other  unripe  cataracts. 
In  all  the  cases  which  I  examined^  as  well  as  in  the  cases  of  Kniess  and 
Muller,  the  vesicular  cells  in  the  equatorial  region  were  excessively  devel- 
oped. It  appears  that,  whereas  Knies  observed  th^r  development  ex- 
clusively in  the  equatorial  region  of  the  lens,  Muller  claims  to  have  seen 
them  develop  in  different  ways,  as  did  Wedl,  from  other  epithelial  hyper- 
plasias and  formations  along  the  posterior  capsule. 

These  vesicular  formations  are  a  constant  production  in  all  cataract 
formations.  Knies  was  the  first  who  gave  utterance  to,  or  more 
properly  speaking,  recorded  in  literature,  this  thought,  which  is  worthy 
of  respect.  Notwithstanding  our  total  ignorance  as  to  the  cause,  why  it 
is  that  in  one  case  the  corticalis  of  over-ripe  cataract  becomes  inspisated; 
in  another,  notwithstanding  the  giving  off  of  fluid,  it  becomes -fluid;  I  can 
not  refrain  from  expressing  the  thought,  as  to  whether  it  is  not  possible 
in  cases  where  we  find  such  excessive  formation  of  vesicular  cells,  for  these 
later  on  "to  flow  together,"  and  thus  form  the  anatomical  basis  for  a  Jfor- 
gagni^s  cataract. 
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CATARACTA  NIGRA. 

"The  name  of  this  form  of  cataract,  as  well  as  its  existence,  has  been 
both  variously  applied  and  understood.  Wenzel  (1.  c,  p.  38)  describes  the 
extraction  of  a  lens  taken  from  an  eye  in  which  vision  was  very  much  re- 
duced, the  pupil  of  which  did  not  appear  grey;  so  the  existence  of  the  cat- 
aract was  doubted.  A  large  dark-brown  lens  escaped  from  the  wound.  The 
wound  healed,  and  vision  was  restored.  This  form  of  cataract  he  called 
eataracia  nigra.  The  entire  description  showed  that  he  was  dealing  with 
a  lens  in  which  the  formation  of  the  nucleus  extended  up  to  the  capsule 
without  the  process  ever  having  come  to  a  standstill.  Such  elquisite  ex- 
anoples,  in  which  no  cortex  remains,,  are  but  seldom  encountered.  They 
might  also  be  called  eataracia  brunescensJ^ 

"It  would  be  proper  to  translate  cataracta  nigra  as  the  'black  grey  cataract/ 
but  not  as  "black  cataract,"  since  this  latter  term,  even  today,  is  used  to  define 
absolute  amaurosis.  It  is  interesting  to  note  that  in  former  times  both  the 
Bngllsb  and  the  French  used  the  expression  cataracta  nigra  synonymously 
with  ffutta  Serena  and  paralysis  (?)  of  the  optic  nerve.  I  find  it  is  so  used  by 
Percival  Pott;83  also  by  Morgagni.84  In  a  dissertation  by  Von  Wamatz  (Cata- 
racta Nigra,  1832)  is  found  a  very  complete  compilation  of  the  literature  on  this 
subject.  In  later  times  Von  GraefeS6  accepts  the  name  of  cataracta  nigra  for 
those  cataracts  in  which  pigment  is  found  Inside  the  capsule,  which  he  consid- 
ers as  coming  from  the  haematin  which  has  passed  through  an  uninjured  cap- 
sule. Gases  belonging  to  this  class  have  also  been  described  by  Von  Beck. 
Should  it  become  an  established  fact  that  pigment  does  pass  through  the  cap- 
sule. It  certainly  would  be  proper  to  call  these  cataracta  f^gmentairet  or  eoto- 
raetd  hemorrhagica,  rather  than  cataracta  nigra.  1  can  not  understand  how  men 
can  be  such  blind  followers  of  Von  Graefe  as  to  persist  in  writing  about  the 
frequent  occurrence  of  cataracts  containing  haematin." 

Sinee  it  has  been  shown  that  the  nucleus  of  a  senile  cataractous  lens 
differs  chemically  from  the  simple  sclerosis  of  old  age,  the  cataracta  nigra 
must  be  looked  upon  as  a  senile  cataract,  which,  in  consequence  of  the 
regularly  progressing  sclerosis  up  to  the  periphery,  is  not  accompanied 
by  the  formation  of  splits  and  fissures,  in  the  most  peripheric  cortical 
lamellae. 

The  most  essential  points  in  the  senile  sclerosis,  as  well  as  in  the  senen- 
scence  of  the  lens  are  the  following;  the  oldest  fibres  in  the  centre  of  the  lens 
lose  the  serrations  which  they  had  attained  during  the  growth  of  the  entire 


33  Remarques  sur  la  Cataracte,  Traduit  de  la  Auglaisse  par  Lemoine,  1779, 
501. 

34  Epist.,  XIII,  13,  14.    17C2. 
85  Arch.,  I,  p.  133. 
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organism,  and  with  the  steady  increase  in  the  index  of  refraction  and  the 
taking  on  of  a  more  saturated  yellow  color,  until  finally  an  almost  homo- 
genous mass  is  formed,  in  which  the  individual  elements  are  scarcely  recog- 
nizable, or  not  at  all;  and,  as  age  advances,  this  process  slowly,  but  surely, 
extends  toward  the  periphery.  At  the  same  time,  the  processes  at  the  whorl 
and  along  the  nuclear  zone  become  less  active  and  consist  of  but  few  ele- 
ments containing  nuclei.  The  epithelial  cells  become  fat,  and  in  many 
the  chromatic  substance  and  the  nuclei  are  greatly  reduced.  The  capsule 
becomes  thicker  and  tougher.  The  farther  this  process  extends,  the  more 
light  will  be  absorbed,  and  the  poorer  will  the  vision  be,  where  there  is  a 
moderate  degree  of  illumination.  This  explains  one  of  the  causes  for  the 
reduction  of  vision  in  the  aged." 

'*It  may,  however,  happen  that,  even  in  very  advanced  age,  not  even  an 
equatorial  cloudiness  may  exist — gerontoxon  lentis — ^and  the  individuals 
have  good  vision.  Thus  I  have  had  the  opportunity  of  examining  the  lens 
of  a  man  ninety-four  years  of  age,  and  on  focal  illumination  found  but  a 
scarcely  recognizable  yellowish  reflex;  whereas,  on  opthalmoscopic  examina- 
tion, the  lens  was  perfectly  clear,  and  with  a  convex  glass  of  2  D  on  both 
eyes,  V=TVto|. 

"Then,  again,  there  are  people  who  see  much  more  poorly  at  an  earlier 
age — ^thus  I  have  examined  people  who,  as  early  as  the  fifties,  could  scarcely 
count  fingers  at  one  or  two  metres;  without  any  cloudiness  of  the  lens  being 
discemable  with  the  mirror;  w'hereas,  on  focal  illumination,  there  is  a  deep 
brownish-red  reflex  from  the  lens.  Therefore,  this  remarkable  difference 
in  the  conditions  of  the  lens,  noted  during  life,  is  due  to  the  pathological 
sclerosis  and  saturated  color  of  the  nucleus  in  cataracta  nigra. 

I  have  examined  anatomically  two  lenses  extracted  in  their  capsules,  and 
sent  to  me  by  Dr.  Mittelstadt  and  Dr.  Marekwort,  of  Antwerp,  the  diagnosis 
being  cataractae  fere  nigrae.  Very  fine  microscopical  sections,  made  with  the 
microtome,  show  that  the  entire  lens  up  to  the  capsule  are  regularly  changed 
to  nucleus.  The  whirl  and  nuclear  zone  consist  of  but  few  cells.  On  trans- 
verse sections  only  the  nuclei  appear  on  the  inner  surface  of  the  capsule,  the 
protoplasm  of  the  cells  being  so  greatly  reduced.  One  finds  no  pictures  of 
splits  or  fissures  in  the  sections.  It  is  especially  worthy  of  note  that  there  la 
not  a  trace  of  cortical  substance  between  capsule  and  nucleus.  The  only  dif- 
ference between  this  lens  and  the  senile  lenses  of  the  same  age  would  be  the 
sparse  and  frequently  interrupted  distribution  of  vesicular  cells  in  the  equa- 
torial region.  Teased  preparations  show  nothing  differing  from  that  formed  in 
normal  lenses.    There  was  no  particular  avidity  to  the  stain. 

About  the  same  conditions  were  found  in  another  lens  received  from  Sam- 
melsohn.    In  the  equatorial  region,  however,  were  large  nests  of  vesicular  cells. 

Therefore,  cataracta  nigra  is  a  special  variety  of  senile  cataract,  but 
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differs  from  the  ordinary  senile  lens  of  the  same  age  in  the  pathological 
nuclear  sclerosis,  which,  as  we  have  seen  in  the  underlying  basis  in  the  de- 
velopment of  senile  ciitaract.  Hence,  the  same  reasons  likewise  apply  here, 
which  lead  us  to  consider  senile  cataract  as  a  constitutional  cataract. 

CHAPTER  X. 

CATARACTA  CAPSULARIS.     CAPSULAR  CATARACT. 

As  we  have  seen,  capsular  cataract  is  most  frequently  a  sequelae  of  the 
over-ripe  cataract.  If  we  only  waited  long  enough,  we  would  find  that  to 
every  lenticular  cataract  finally  would  be  added  a  capsular  cataract. 

The  variety  generally  observed  by  the  oculist  is  seated  at  the  anterior 
pole.  In  the  non-complicated,  over-ripe  senile  cataract,  it  usually  acquires 
about  the  size  of  a  medium-sized  pupil.  It  then,  as  a  rule,  has  sharply  de- 
fined, jagged  edges,  and  it  is  generally  accepted  that  these  jagged  edges 
mark  the  line  of  insertion  of  the  zonular  fibres  into  the  capsule.  Fre- 
quently the  capsule  is  folded  in  the  portions  which  cover  the  capsular  cat- 
aract, and  in  cases  of  pyramidal  cataract,  this  frequently  reaches  the  height 
of  a  millometre.  These  folds  are  a  proof  that  this  new-formed  tissue  has  a 
tendency  to  shrink,  and  in  this  shrinkage  is  to  be  found  the  reason  for  the 
loosening  of  the  connection  between  the  capsule  and  its  suspensory  liga- 
ment, and  this  may  lead  to  cases  of  spontaneous  luxation  of  over-ripe  cata- 
racts. This  also  makes  possible  the  operation  where  the  lens  is  extracted 
in  its  capsule. 

There  are  many  exceptions  to  the  restriction  of  the  capsular  cataract 
to  the  pupillary  area.  This  is  especially  true  of  the  consecutive  cataracts, 
for  it  may  extend  over  the  entire  inner  surface  of  the  anterior  capsule,  and 
may  even  extend  over  the  posterior  capsule.  It  is  especially  in  these  forms 
of  capsular  cataract  that  we  so  frequently  find  the  calcareous  de- 
posits. The  capsular  cataract  may  remain  unassociated  with  any 
other  form  of  cataract  for  many  years.  When  a  capsular  cataract  de- 
velops in  advanced  age,  the  lenticular  cataract  will  soon  follow.  The  pri- 
mary development  of  a  capsular  cataract  is  the  purest  example  of  what 
might  be  technically  designated  as  an  inflammation  of  the  lens,  (or  hyper- 
plasia of  epithelial  cells),  a  true  phakitis;  but  where  this  occurs,  the  eye  is 
otherwise  diseased,  even  though  its  exact  nature  be  indefinite.  The  mere 
presence  of  a  primary  capsular  cataract  should  arouse  our  suspicions  of 
other  complications.  If  Leber's  theory  is  correct,  that  these  epithelial 
cells  have  the  function  of  giving  the  nutritive  fluids  their  specific  chemical 
constitution,  it  certainly  must  be  evident  that  a  diseased  epithelium  must 
of  necessity  finally  be  followed  by  a  lenticular  cataract,  and  likewise  it  must 
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not  be  forgotten  that  a  diseased  nutritive  material  (aqueous  or  vitreous) 
can  stimulate  the  capsular  cells  to  proliferation. 

True  capsular  cataract  does  not  only  occur  congenitally  as  an  anterior 
polar  cataract,  but  it  may  be  acquired  primarily  at  any  age  of  life. 

CHAPTER  XI. 

TRAUMATIC  CATARACT.    CATARACTA  TRAUMATICA. 

Mechanical  disturbances  may  lead  to  an  injury  of  the  lens,  and  thus 
secondarily  lead  to  the. development  of  traumatic  cataract  This  may  be 
due  to  the  action  of  a  blunt  force,  as  a  concussion,  or  as  the  result  of  a 
puncture,  accidentally;  or  of  an  incision,  intentionally  produced,  as  where 
discission  is  practiced. 

A. 

CATARACTA  EX  CONTUSIONE.  Here,  as  a  rule,  the  capsule  of 
the  lens  is  ruptured,  and  the  lens  becomes  cloudy,  in  consequence  of  com- 
ing in  contact  with  the  fluid  media  Of  the  eye.  In  exceptional  cases  the 
lens  substance  becomes  cloudy,  even  when  the  capsule  has  not  been  rup- 
tured. Thus  Arlt^  states,  "though. we  do  not  as  yet  possess  any  reliable 
reports  of  cases  in  which  a  concussion  of  the  eyeball,  in  which  neither  a 
rupture  of  the  capsule  nor  a  simple  tearing  of  the  capsule  has  taken  place, 
lead  to  a  cloudiness  of  the  lens;  still,  as  a  rule,  we  must  acknowledge  the 
possibility  of  its  occurrence."  The  truth  of  this  statement  seems  to  be 
proven  by  the  fact,  that  Berlin*  produced  a  cloudiness  of  the  anterior 
cortical  substance  by  gently  tapping  the  eyes  of  rabbits  with  an  elastic  rod. 

Becker  reports  the  foUo^-ing  case,  in  which,  as  the  result  of  a  con- 
cussion of  the  eyeball,  without  a  tearing  of  either  the  zonula  or  capsule, 
cloudiness  of  the  lens  followed: 

During  the  winter  of  1870-72,  a  policeman,  stationed  at  tlie  railway  tunnel 
running  under  the  Heidelberger  Scbloss,  while  engaged  in  removing  large 
icicles  which  had  formed  at  the  entrance  of  the  tunnel,  was  struck  by  one  of 
these  in  hi«  right  eye.  The  pain  was  not  very  severe,  but  vision  at  once  became 
cloudy.  Several  days  later  he  presentd  himself  at  the  clinic,  and  vision  was 
found  to  equal  fg.  There  was  no  sign  of  an  external  injury,  luxation  or  tear 
of  the  capsule,  but  we  found  a  rupture  of  the  choroid.  This  latter  was  quite 
centrally  located,  but  not  very  large.  From  time  to  time  he  presented  himself 
at  the  clinic,  so  that  we  had  the  opportunity  of  carefully  observing  the  gradual 
development,  from  the  third  week  on,  of  an  anterior  polar  cortical  cataract. 


lUber  die  Verletzungen  des  Auges  in  Gerichtsartzlicher  Besiegung,  L  c, 
p.  296. 

2  Zur  Sogen  Commotio  Retinae.    Monatsblatt,  1873,  p.  47. 
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which  assumed  the  same  form  as  a  posterior  cortical  cataract,  after  an  injury 
of  the  periphery  of  the  lens.  After  it  bad  developed  to  about  one-half  the  size 
of  a  medium  dilated  pupil  it  became  stationary.  After  a  year  the  railway  com- 
pany gave  him  an  easier  position,  so  that  he  passed  from  observation. 

Whenever  a  unilateral  cataract  is  met  with  an  indefinite  time  after  a 
contusion  of  the  eye,  one  should  not  forget  that  the  cataract  may  be  the 
result  of  an  injury  to  the  eye  other  than  a  lesion  of  the  capsule  or  zonula. 
It  is  only  of  too  frequent  occurrence  that  months  pass  before  the  lens  be- 
comes cloudy,  and  then  the  cataract  is  to  be  looked  upon  as  consecutive. 
However,  there  must  not  always  be  a  rupture  of  the  choroid;  hemorrhage 
into  the  vitreous,  with  secondary  detachment  of  the  retina;  but  a  con- 
secutive cataract  may  develop,  when  the  only  demonstratable  sign  is  a 
paralysis  of  the  ciliary  body,  together  with  an  apparent  myopia.  Hence, 
great  care  should  be  practiced  in  making  a  prognosis,  even  in  apparently 
shght  contusions  of  the  eyeball,  and  this  should  be  especially  remembered 
as  a  point  in  medical  jurisprudence. 

Ruptures  of  the  capsule,  independent  of  a  tear  in  the  coats  of  the  eye- 
ball or  of  the  zonula,  have  been  but  rarely  reported.  Isolated  cases  of  tear- 
ing of  the  posterior  capsule  have  been  reported  by  Knapp  and  Aub.' 

John  R.,  aged  20  years,  the  son  of  a  farmer  living  at  Kubbergershof,  while 
chopping  branches  from  a  tree,  was  struck  in  the  eye  by  a  twig.  Vision  at 
once  was  impaired,  without  any  visible  sign  of  injury.  Two  weeks  later,  since 
vision  did  not  improve,  he  was  brought  to  the  clinic.  It  was  impossible  to 
detect  the  slightest  trace  of  an  injury,  either  in  the  lids,  conjunctiva  or  cornea. 
The  conjunctiva  bulbae  was  pale,  and  there  was  absolutely  no  ciliary  injection 
present.  Cloudy  lens  substance  was  being  extended  through  the  narrow  pupil 
into  the  anterior  chamber.  Tension  was  normal.  Field  of  vision  intact,  and 
he  could  count  fingers  at  one  foot.  He  had  no  pain;  there  was  no  irritability 
to  light,  no  increased  secretion  of  tears.  On  use  of  atropine  the  pupil  dilated 
and  disclosed  no  synechia.  Though  the  patient  was  repeatedly  examined  later 
on,  and  notwithstanding  every  possible  effort,  no  trace  of  an  injury,  more  es- 
pecially of  the  cornea,  could  be  detected.  And  since  on  dilating  the  pupil  a 
change  of  position  of  the  lens  system  could  be  absolutely  excluded,  hence  the 
diagnosis  of  a  simple  rupture  of  the  capsule  of  the  lens  as  the  result  of  a  con- 
tusion was  Justified.  The  progress  of  the  case  was  an  exceptionally  favorable 
one,  and  the  lens  was  totally  resorbed  without  the  occurrence  of  any  com- 
plications. 

B. 

Frequently  a  simultaneous  luxation  takes  place — that  is,  a  tearing  of 
the  zonula  zinii  and  a  rupture  of  the  capsule.  All  these  cases,  in  which  one 
is  able  to  demonstrate  a  subluxation  of  the  lens,  and  to  which  already  in 


S  Arch,  fur  Augen  und  Ohren,  I,  1,  p.  20  and  II,  1,  p.  256. 
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the  first  few  days,  a  cloudiness  of  the  lens  is  added;  belong  to  this  class.  In 
most  of  these  cases  the  lesion  in  the  capsule  is  in  the  equatorial  region  be- 
tween the  insertion  of  the  zonula  and  its  anterior  and  posterior  attach- 
ments. All  clinical  observations  show  that  the  cloudiness  begins  in  the 
equatorial  region. 

C. 

INJURIES  CAUSED  BY  CUTTING  OR  POINTED  INSTRU- 
MENTS NEVER  affect  the  lens  alone.  The  symptoms,  the  course  and 
prognosis  depend  entirely  on  the  size  of  the  capsular  wound,  the  depth  to 
which  the  instrument  penetrates  the  lens,  the  kind  and  extent  of  the  in- 
jur}', which  at  the  same  time  affects  other  parts  of  the  eye,  and  also  as  to 
whether  the  body  which  causes  the  injury  remains  partially  or  entirely 
within  the  eye.  Should  the  body  which  causes  the  injury  only  penetrate 
the  cornea  and  the  lens,  and  do  no  other  injury,  we  will  have  a  condition 
to  deal  with  similar  to  a  discissio  per  corneam.  If  the  corneal  wound  is  a 
large  one,  some  of  the  lens  substance  may  be  extruded,  and  hence  the  ab- 
sorption hastened,  but  just  such  wounds  later  on  materially  interfere  with 
vision. 

If,  besides  cornea  and  lens,  other  portions  of  the  eye  are  involved — ^the 
iris,  the  sclera,  and  corpus  ciliare,  the  vitreous,  etc. — the  prognosis  largely 
depends  on  the  extent  of  the  injuries.  Penetrating  wounds  which  at  first 
appear  trivial,  owing  to  infection,  may  become  the  most  serious. 

Where  the  foreign  body  penetrates  through  the  periphery  of  the  cor- 
nea and  the  ciliary  portion  of  the  iris  into  the  lens,  so  that  the  lens  is  struck 
near  the  equator,  it  very  curiously  indeed  happens  that,  aside  from  the 
cloudiness  in  the  neighborhood  of  the  point  of  entrance,  the  posterior  cor- 
tical substance  is  clouded  earlier  than  anywhere  else.  On  dilating  the  pupil, 
it  is  possible  to  follow  the  entire  course  of  the  penetrating  instrument 
through  the  lens,  and  the  same  cloudy  lens  star  develops.  If  the  wound  is 
not  large  it  may  close  again,  and  the  opacity  remain  restricted  to  the  poste- 
rior cortical  substance,  or  eventually  clear  up  again.*  If  small  foreign 
bodies  enter  the  lens,  they  may  either  still  stick  fast  in  the  cornea  by  the 
other  end,  penetrate  the  iris  or  extend  into  the  pupil  and  anterior  chamber, 
and  be  recognized  by  the  naked  eye;  or  they  may  be  entirely  enclosed  in  the 
lens  capsule;  or,  finally,  they  may  pass  througli  the  lens  and  be  found 
sticking  fast  in  the  posterior  wall  of  the  eye,  or  be  found  lying  free  in  the 
vitreous.  As  long  as  the  lens  remains  tranf^parent,  one  can  get  a  view  of 
these  foreign  bodies  by  means  of  the  opthalmoscope. 

The  diagnosis  is  easy,  where  it  is  possible  to  see  the  foreign  body  in 

4  Vergl  die  Beriehte  der  Wfener  Clinic,  p.  87  and  No.  76. 
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the  cornea  or  iris  alone,  or  in  both,  and  penetrating  the  lens.  That  the 
lens  is  involved  becomes  evident,  owing  to  the  more  or  less  diffuse  cloudi- 
ness which  in  such  cases  is  never  wanting.  It  is  more  difficult  at  times  to 
demonstrate  the  presence  of  a  foreign  body  which  is  entirely  enclosed  in 
lens  substance,  especially  when  the  lens  has  secondarily  become  totally 
cloudy.  It  then  depends  entirely  on  the  color  of  the  foreign  body  whether 
or  not  one  can  still  see  it.  However,  it  is  not  necessary,  nor  does  it  always 
occur,  that  the  entire  lens  becomes  cloudy.  One  then  sees,  either  in  the 
anterior  cortical  substance  a  circumscribed  white  cloudiness,  with  its  cor- 
responding capsular  wound;  or,  if  the  cloudiness  lies  deeper,  we  see  between 
it  and  the  capsule  a  linear  cloudy  path  which  indicates  the  course  of  the 
foreign  body.  If  the  repori;s  of  some  authors  are  to  be  believed,  we  can 
at  times  recognize  the  foreign  body. 

Many  observers  attest  the  fact,  that  the  capsule  may  close  again  after 
the  entrance  of  a  small  foreign  body,  and  this  be  retained  in  the  lens. 
Especially  where  the  wound  is  in  the  region  of  the  iris,  this  may  form  a 
primary  object  of  closure.  When  the  wounds  are  in  the  centre  of  the  pupil, 
the  iris  can  be  of  no  assistance,  and  still  it  is  possible  for  the  wound  to 
heal  without  any  lens  substance  ever  having  been  extruded — a  true  sanatio 
per  primam  intentionem.  More  frequently,  the  wound  only  heals  after, 
a  flake  of  greater  or  less  size  has  been  extruded  and  been  absorbed.  In  the 
vicinity  of  the  wound  the  capsule  is  always  folded. 

Becker  states  that,  from  his  own  experience,  he  knows  that  grains  of 
powder  may  become  encapsulated  in  the  lens  without  causing  a  total  cloudi- 
ness of  the  lens.  This,  however,  is  the  exception;  the  rule  being  that  for- 
eign bodies  will  lead  to  a  complete  cloudiness,  even  where  the  cloudiness 
remained  partial  for  a  long  time.  This  condition  seems  to  be  analogous 
to  the  congenital  partial  cataracts.  Hence  one  must  not  be  astonished  if, 
after  an  extraction,  one  finds  that  the  cataract  which  we  considered  as  an 
ordinary  senile  cataract,  should  be  found  to  contain  a  foreign  body.  Work- 
ers in  metals,  who  are  so  accustomed  to  have  particles  of  metal  fly  into 
their  eyes^  overlook  the  entrance  of  such  a  foreign  body  into  the  lens,  since 
the  aqueous  is  not  necessarily  evacuated,  and  the  reaction  must  not  neces- 
sarily be  any  greater  than  when  a  particle  is  imbedded  in  the  cornea.  If 
now  the  lens  should  cloud  up  but  slightly,  and  in  fact,  very  slowly,  the  oc- 
currence of  the  injury  will  in  all  probability  be  forgotten  before  the  dis- 
turbance of  vision  is  noticed. 

One  most  frequently  observes  the  retention  of  a  foreign  body  where  it 
is  very  small  and  not  too  heavy.  In  these  cases,  most  probably,  the  scler- 
osed nucleus  holds  the  foreign  body  fast.    The  case  of  Pamard,  in  which  he 
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was  enabled  to  see,  and  later  extract,  a  grain  of  shot  out  of  the  lens,^  de- 
serves to  be  classed  as  a  great  curiosity. 

It  occurs  much  more  frequently,  that  the  foreign  body  which  pene- 
trates, passes  through  the  lens.  Even  in  such  oases,  the  openings  in  both 
capsules  may  close  again.  This  occurs  most  frequently  when  both  poiqt 
of  entrance  and  of  exit  are  in  the  periphery  of  the  lens,  the  heaJing  of 
the  anterior  capsule  being  again  aided  by  the  iris.  The  posterior  wound, 
however,  is  under  more  favorable  conditions,  since  the  vitreous  has  less 
tendency  to  dissolve  the  lens  fibres. 

Where  the  penetrating  body  is  of  considerable  size,  or  where  by  chance 
the  capsular  wound  happens  to  be  a  large  one,  the  lens  becomes  cloudy  in 
proportion  to  the  area  which  comes  in  contact  with  the  fluid  media  of  the 
eye;  and  it  depends  largely  on  the  amount  of  general  injury  which  the  eye 
has  received  whether  the  lens  will  be  partially  or  totally  resorbed,  and 
whether  the  eye  will  be  destroyed  by  iridocyclitis,  choroiditis  or  panopthaJ- 
mitis. 

No  case  has  been  observed  where,  following  the  entrance  of  a  foreign 
body  into  the  lens,  and  its  remaining  in  situ,  or  after  its  passage  through 
the  lens,  the  lei)«  either  spontaneously  cleared  up  again,  or  remained  en- 
tirely transparent  from  the  beginning.  Hence  the  cases  reported  by 
Desmarres  fils*  can  only  be  looked  upon  with  doubt,  as  to  their  correct 
observation. 

Opening  of  the  capsule,  in  consequence  of  a  perforating  corneal  ulcer, 
is  likewise  to  be  looked  upon  as  an  injury  of  the  lens.  The  sequelae,  as 
far  as  the  lens  is  concerned,  depend  on  how  much  of  its  substance  is  lost, 
or  is  later  on  aibsorbed  by  the  aqueous.  Sometimes  the  shrunken  lens  re- 
mains adherent  to  the  cornea  and  iris,  owing  to  new-formed  cicatrical  tis- 
sue; again,  it  returns,  in  a  greater  or  less  degree,  to  its  normal  position. 
Aside  from  the  fact  that  the  lens,  together  with  its  capsule,  may  entirely 
leave  the  eye,  at  times  the  only  remains  is  a  catarada  secundaria. 

The  appearance  of  a  traumatic  cataract  is  that  of  a  soft  cortical  cata- 
ract. The  rapidity  with  which  the  lens  becomes  cloudy  depends  on  the 
extent  of  the  injury  and  the  age  of  the  individual.  Since  young  people  are 
more  exposed  to  such  injuries  than  older,  hence  in  this  we  find  a  further 
reason  why  the  traumatic  cataract  as  a  rule  is  soft.  The  chemical  constitu- 
tion of  the  foreign  body  will  affect  the  color  of  the  cataract,  and  whenever 
the  well-known  color  is  wanting  the  suspicion  of  a  foreign  body  in  the  lens 
ought  to  be  aroused. 


6  Annal  d'Oculistie,  43,  23. 

6  Le  cons  Cliniques  sur  la  Chlrurgie  Oculalre,  p.  96. 
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It  is  a  well-known  fact,  that  traumatic  cataract  is  a  perfectly  passive 
change  in  the  lens  substance.  Immediately  upon  injury  of  its  capsule,  the 
lens  substance  comes  in  direct  contact  with  the  aqueous,  and  as  a  result  the 
lens  becomes  cloudy  and  swells  up.  As  has  already  been  pointed  out,  in 
studying  capsular  cicatrices,  page  90,  if  the  opening  is  very  minute,  this  is 
soon  plugged  up  by  a  thin  fibrinous  covering,  and  in  the  course  of  a  few 
days  a  cicatrix  covers  the  wound.  But  where  the  injury  of  the  capsule  has 
been  more  severe,  the  edges  retract,  curi  up  outwardly,  and  the  aqueous 
comes  in  direct  contact  with  the  lens  substance.  Those  portions  of  the  lens 
which  have  exuded  are  gradually  resorbed  and  disappear,  while  new  flakes 
continue  to  well  fori;h  from  the  capsular  wound.  At  the  same  time,  due  to 
the  taking  up  of  water,  the  lens  continues  to  swell  up  and  the  cloudiness  to 
increase,  until  in  the  course  of  a  few  days  or  weeks,  the  entire  lens  may 
become  opaque. 

But  not  alone  to  the  aqueous  is  due  the  resorption  of  the  lens  fibres. 
In  the  disintegrating  masses  of  lens  substance  and  around  the  zone  of  re- 
sorption of  larger  pieces  of  lens  fibres,  one  finds  numbers  of  lymphoid  cells 
which  take  on  the  most  manifold  changes  in  form.  These  cells  contain  two 
nuclei  and  a  dark,  granular  protoplasm,  which  might  be  looked  upon  as  fat 
granules.  These  cells  and  their  relation  to  the  resorption  of  traumatic 
cataract,  are  better  understood  today,  as  the  result  of  Boe's  experimental 
investigations;  and  he  looked  upon  them  as  derived  from  lymphoid  cells. 
Boe  also  drew  attention  to  numerous  cells  containing  myelin  drops,  which 
subsequently  assumed  such  size  as  to  restrict  the  protoplasm  of  the  cell  to 
a  narrow  zone  around  the  myelin  drop  and  pressed  the  nucleus  against  the 
cell  wall.  Kostenitisch  ^  likewise  observed  the  presence  of  lymphoid  cells 
in  the  masses  of  lens  substance,  and  so  illustrated  them.  In  a  recent  work 
hy  Wagenman,*  the  presence  of  these  cells,  also  of  giant  cells,  and  their 
relation  to  the  absorption  of  traumatic  cataract  is  made  the  subject  of 
special  study.  He  states,  "repeatedly  have  I  found  that  giant  cells  stand 
in  very  close  relation  to  the  absorption  of  lens  fibres,  and  more  especially 
in  this  case,  in  traumatic  cataract."  In  all  the  cases  which  he  studied  he 
found  giant  and  lymphoid  cells.  These  cells  not  only  contained  albuminous 
and  myelin  drops,  but  pieces  of  lens  fibres  and  quantities  of  lens  substance 
undergoing  all  degrees  of  metamorphosis.  He  states,  that  the  change  within 
this  cell  is  undoubtedly  due  to  the  digestive  power  of  the  protoplaam. 
"This  power  of  bringing  about  retrogressive  changes  in  the  lens  substance 


7  Path.  Anat.  Untersachungen  uber  die  Zunthutcben  Verletzungen  des 
Menschllchen  Anges.   Graefe  Arch..  Vol.  XXXVII,  4. 

SEiniges  uber  Premdkorper  Riesen  Zellen  Im  Auge.  Graefe  Arch.,  Vol. 
XLII,  Part  2.. 
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or  its  derivatives  taken  up  by  the  cells,  is  especially  marked  in  the  giant 
cells,  in  which  one  can  find,  side  by  side,  the  most  varied  products  of  disin- 
tegration of  lens  substance,  intact,  and  myelin  globules  undergoing  gran- 
ular degeneration,  hyaline  drops,  etc. 

He  assumes  that  these  giant  cells  possess  the  power  of  exerting  a  cata- 
lytic action  on  the  hard  lens  substance,  dissolving  and  absorbing  it,  and  he 
ascribes  this  same  power  to  the  smaller  cells. 

One  of  his  cases  is  of  exceptional  interest,  because  it  throws  a  good  deal 
of  light  on  a  subject  which  has  long  been  in  dispute,  namely,  whether  wan- 
dering cells  could  pass  through  an  uninjured  capsule. 

Case  of  spontaneous  resorption  of  a  luxuated  cataract  in  an  eye  suffering 
from  chronic  irido  choroiditis. 

"In  the  lower  segment  of  the  globe  posterior  to  the  ciliary  body,  the  lens 
is  in  such  a  position  that  its  former  lower  edge  touches  the  wall  of  the  globe 
and  the  lens  is  directed  obliquely  backward,  with  its  former  anterior  surface 
looking  upward.  The  lower  edge  of  the  lens  appears  to  be  fixed  by  new  con- 
nective tissue,  and  in  the  region  of  the  orra  serrata  it  is  partially  calcareous, 
and  beneath  the  folded  anterior  capsule  is  an  old  capsular  cataract. 

"The  capsule  of  the  lens  discloses  numerous  interspaces,  and  in  some  places 
splits,  due  to  the  action  of  the  lymphoid  cells,  even  in  the  region  of  the  capsular 
cataract,  defects  are  found  in  the  capsule.  Within  the  capsular  sac  are  groups 
of  lymphoid  cells,  especially  between  the  capsular  cataract  and  the  body  of 
the  lens;  likewise,  between  the  posterior  capsule  and  the  lens.  Over  large 
areas  the  body  of  the  lens  is  clothed  with  a  layer  of  large  tumescent,  single  or 
multi-nuclear  cells,  containing  an  opaque  protoplasm,  and  besides  these  all 
stages  of  lymphoid  cells  occur. 

"Everywhere  the  cataract  has  the  appearance  as  though  it  had  been 
"gnawed  at."  Cells  have  worked  their  way  in  between  the  sclerosed  fibres  and 
have  separated  them.  Everywhere  the  cataract  is  being  absorbed.  Giant  cells 
are  also  found,  which  are  closely  applied  to  the  side  of  the  fibres.  It  appears 
as  though  the  processes  of  the  cells  were  forcing  their  way  in  between  the 
fibres.  These  giant  cells  contain  a  uniform  granular  protoplasm,  and  differ 
from  the  other  cases  in  that  no  pieces  of  lens  fibre  or  myelin  drops  could  be 
found." 

Here  the  capsule  of  the  lens  disclosed  numerous  perforations,  due  to 
the  histolytic  action  of  the  cells.  The  giant  cells  possess  this  same  histolytic 
power  of  dissolving  substances  chemically  resistant  and  difficult  of  assimila- 
tion, such  as  the  hyaline  membranes.  This  action  on  the  capsule  is  cataly- 
tic, ("fernwirkung^'),  and  finds  its  analogue  in  the  action  of  the  lymphoid 
cells  in  inflammatory  processes,  and  in  the  action  of  osteoclasts  in  the  re- 
sorption of  bone.^* 

Leber  ^  has  experimentally  shown  that  the  lens  reacts  but  slightly  to 

9  Enstehung  der  Entzundung,  p.  254,  etc. 
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the  presence  of  foreign  bodies.  Where  pieces  of  sterilized  copper  wire 
were  passed  through  the  lens  in  an  axial  direction,  the  centre  of  the  lens 
remained  perfectly  clear,  only  at  the  points  of  entrance  and  exit  in  the 
cortical  substance  did  any  swelling  and  cloudiness  take  place. 

In  course  of  time,  as  was  to  be  expected,  the  cloudiness  went  on  to  the 
formation  of  striae  in  the  anterior  corticalis,  but  the  greater  part  of  the 
lens  remained  perfectly  clear.    After  a  time  the  lens  took  on  a  diriy  yellow 
color.    Forianini  ^^  showed  that  at  times  splinters  of  wood  remained  as  long 
as  ten  days  in  the  lens  without  producing  more  than  a  circumscript  cloudi- 
ness at  the  point  of  entrance.    In  considering  the  action  of  foreign  bodies 
of  iron  and  steel  in  the  crystalline  lens,  Leber  (cited  p.  96)  states,  "It  is 
a  well-known  fact,  that  splinters  of  iron  and  steel  imbedded  in  the  lens  may 
remain  permanently,  without  doing  any  damage  to  the  eye.     The  never- 
failing  cloudiness  of  the  lens,  in  and  of  itself,  is  not  to  be  looked  upon  as 
the  result  of  the  action  of  the  foreign  body.    But  even  in  these  cases,  after 
a  time  the  metal  undergoes  a  partial  dissolution,  and  later  a  kind  of  dif- 
fusion for  a  certain  distance  beyond  the  foreign  body,  and  thus  gives  the 
cataract  a  rusty  yellow  color.     Von  Graefe,  in  his  clinical  lectures,  often 
said  that  the  coloring  of  the  lens  is  so  characteristic,  that  it  is  certainly 
pathognomonic  of  the  presence  of  an  iron  splinter,  where  this  can  not  be 
directly  seen  or  demonstrated.    The  color  is  due  to  the  deposit  of  the  most 
minute  granules  of  the  hydrated  oxide  of  iron,  as  is  shown  by  the  fact,  that 
when  they  are  acted  on  by  nitric  acid  and  ferrocyanide  of  potassium,  they 
give  a  blue  color.     This  has  been  repeatedly  demonstrated  on  freshly  ex- 
tracted lenses  which  contained  splinters  of  iron.   Macroscopically,  the  lens 
has  a  peculiar  olive-brown  color,  since  the  color  is  diffused  for  a  certain 
distance  beyond  the  foreign  body,  the  iron  must  be  diffused  in  the  form 
of  the  acid  carbonate  of  iron,  and  this,  by  further  oxidation,  is  precipitated 
as  the  hydrated  oxide  of  iron. 

D. 

SECONDARY  CATARACT.  (Intentional  injuries).  A  necessary 
condition  for  the  formation  of  a  secondary  cataract  must  always  be  a  partial 
or  total  retention  of  the  capsule  of  the  lens  within  the  eye  after  an  extrac- 
tion. Only  where  the  ideal  operation  is  done  and  the  lens  is  extracted  in 
its  capsule,  is  this  formation  avoided.  Where  the  len?  substance  which  re- 
mains after  an  extraction  and  the  capsular  epithelium  alone  are  involved, 
we  designate  the  new  formation  as  a  catarada  secundaria  simplex;  but 
where  neighboring  tissues — as  iris,  corpus  ciliare,  and  vitreous — are  in- 


10  Annal  dl  Opthal.,  I,  p.  145.   1871. 
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volved,  or  abnormal  adhesions  are  found,  we  speak  of  a  catarada  secundaria 

accreta,  catarada  complicaia. 

This  condition  may  develop  after  a  total  resorption  of  the  lens  sub- 
stance subsequent  to  an  injury  accidentally  or  intentionally  pro- 
duced, as  the  result  of  operative  interference  when  a  discission  is  made  or, 
as  is  more  frequently  the  case,  after  an  extraction. 

Immediately  after  incision  of  the  capsule  and  extraction  of  the  lens, 
owing  to  the  pressure  of  the  vitreous  the.  curvature  of  the  posterior  capsule 
is  reversed,  its  convexity  now  facing  anteriorly.  The  triangular  flaps  in 
the  capsule  produced  by  the  cystitome  are  everted  outwardly,  so  that  all 
around  the  periphery,  the  capsule  is  intact;  whereas,  in  its  central  posi- 
tion there  is  a  defect,  the  anterior  surface  of  the  posterior  capsule  coming 
in  contact  with  the  aqueous.  After  the  anterior  chamber  is  again  restored, 
the  capsule  is  pressed  backward  again,  so  that  the  posterior  capsule  is 
almost  perfectly  straight  and  the  edges  where  the  anterior  capsule  is  everted 
come  in  contact  with  the  posterior,  and  thus,  if  we  may  so  express  it,  a  cir- 
cular pocket  is  formed  all  around  the  periphery,  and,  as  a  rule,  this  pocket 
contains  lens  substance  which  has  remained  behind  after  the  operation,  and 
the  products  of  new  cellular  formation  originating  from  the  epithelial  cells 
which  line  the  capsule.  This  formation  has  been  designated,  8ommering*s 
crystalline  pearl  (or  wulst).  Owing  to  the  changed  conditions  of  pressure, 
these  new-formed  cells  assume  a  great  variety  of  forms;  in  fact,  all  of  those 
already  described,  the  large  vesicular  Cells,  WedFs  cells,  irregularly  devel- 
oped cells,  with  protuberances  to  the  one  side,  etc.  This  cellular  prolifera- 
tion does  not  only  take  place  between  the  leaves  of  the  capsule,  but  at  the 
edge  of  the  crystalline  pearl  one  finds  a  hyperplasia  of  the  capsular  epithe- 
lium going  over  onto  the  anterior  surface  of  the  posterior  capsule.  Here 
they  no  longer  have  the  shape  of  the  normal  epithelial  cells,  but  are  more 
like  flat  pavement  epithelial  cells,  which  likewise  undergo  a  hyperplasia. 
These  cells,  after  a  certain  length  of  time,  secrete  a  vitreous  or  hyaline-like 
substance,  which  forms  a  covering  for  these  cells  and  the  posterior  capsule. 
It  is  the  product  of  this  hyperplasia  of  epithelial  cells  which  gradually 
causes  the  interference  with  vision  subsequent  to  a  cataract  operation.  Just 
exactly  what  it  is  that  leads  to  this  regeneration  it  is  difficult  to  state,  but 
undoubtedly  the  cells  possess  a  tendency  to  regeneration  which  is  incited 
by  the  operation  and  the  changed  relations  of  tension  and  pressure. 

In  all  these  cases  one  finds  the  pupillary  area  occupied  by  a  very  deli- 
cate greyish,  almost  transparent,  film,  discernible  on  oblique  illumination, 
and  which  permits  of  a  red  reflex  from  the  fundus.  All  gradations  are  met 
with,  from  this  delicate,  scarcely  visible,  greyish  film,  up  to  the  dense  white 
membranous  cataract. 
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"It  not  infrequently  occurs  that  the  result  of  a  successful  operation  is 
reduced  by  the  retention  of  cataractous  masses  within  the  capsular  sac.  This 
is  especially  apt  to  occur  when  an  unripe  cataract  is  operated,  but  does 
occur,  even  in  the  ripe.  If  the  opening  in  the  anterior  capsule  is  suffi- 
ciently large,  the  masses  which  remain  swell  up  and  are  resorbed.  In  this 
case  the  pupil  finally  becomes  pure  black.  But  where  the  leaves  of  the 
capsule  are  rapidly  closed  and  the  retained  masses  are  cut  off  from  the 
aqueous,  these  are  not  resorbed,  but  remain  behind,  forming  a  white  mem- 
branous cloudiness,  (catarada  secundaria).  If  a  portion  of  the  pupil  re- 
mains free,  sight  may  be  good.  But  if  the  entire  pupil  is  involved,  vision 
is  reduced,  depending  on  the  density  of  the  cloudiness.  At  times  the  sec- 
ondary cataract  forms  later  on,  as  a  result  of  hyperplasia  of  the  epithelium 
of  the  anterior  capsule.^*  ^ 

liFuchs  Lehrbuch  der  Augenheilkunde,  1891,  p.  763. 


PART  IV. 

THE  THERAPY  OF  THE  DISEASES  OF  THE  LENS  SYSTEM. 

At  the  present  day  the  therapy  of  cloudiness  of  the  lens  is  confined  en- 
tirely to  operative  procedure.  True,  we  might  consider  proplylactic  meas- 
ures— ^but  even  these  must  remain  restricted  to  certain  special  varieties, 
such  as  traumatic  cataracts. 

CHAPTER  1. 

MEDICINAL  TKBATMENT. 

*Trom  the  earliest  times,  have  not  only  the  most  manifold  suggestions 
been  offered  to  bring  about,  by  medicinal  treatment,  the  disappearance  of 
a  beginning  cloudiness  of  the  lens  in  cases  of  partial,  and  even  total,  cata- 
racts, but  frequently  those  have  come  forward  who  claim  good  results  from 
such  efforts.  But  I  will  spare  myself  and  the  reader  the  trouble  of  enum- 
erating all  those  things,  which  have  been  tried  and  reported  as  worthy  of 
a  trial,  for  this  would  necessitate  my  beginning  with  the  'honey  and  saf- 
fron, cooked  in  the  bile  of  hyenas,^  of  Plinius  (XXVIII.,  8),  and  mention- 
ing all  the  remedies  down  to  dilute  phosphoric  acid,  which  but  a  few 
months  ago  (1876)  was  praised  in  many  political,  and  even  scientific,  papers, 
both  in  France  and  Germany,  as  a  universal  remedy  for  grey  cataract;  and 
could  thus  fill  pages  with  the  recitation  of  such  unproven  things.^'  More 
recently,  one  reads  of  the  beneficial  effects  of  electricity,  the  mysterious 
agent  to  which  so  many  turn  when  everything  else  fails.  If  it  is  possible 
anywhere,  it  is  certainly  demonstrated  here,  that  unless  we  possess  a  perfect 
knowledge  of  the  causation,  no  successful  therapy  can  ever  be  evolved. 
Hence,  all  therapeutic  attempts  rest  on  the  purest  empiricism. 

"If  any  one  is  interested  in  this  subject,  and  has  a  desire  to  lools  up  alt 
these  suggestions  in  detail,  he  will  find  all  the  old  literature  on  the  subject  col- 
lected and  made  use  of  in  Rosa's  'Handbuch  der  Hellkunde,  1830,  II,  p.  710,* 
and  in  Himly's  *Die  Krankhelten  und  Missbildungen,  etc.,  II,  p.  247;'  The 
latest  literature  can  be  found  in  the  bibliography  annexed." 

Although  up  to  the  present  time  we  have  not  attained  any  results,  we 
must  not  entirely  set  aside  the  possi?bility  that  the  time  may  come,  when 
it  will  become  possible  to  arrest  ftirther  development  of  a  beginning  cata- 
ract, or  even  clear  up  an  opacity  which  has  already  developed.  The  experi- 
ments of  Kunde  (828)  and  Kuhnhorn  (843)  have  demonstrated  that  the 
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lenses  of  animals  which  have  been  made  cloudy  by  drawing  out  their  water 
can  again  be  cleared  up,  by  simply  laying  them  in  water.  At  this  point,  I 
would  once  more  draw  attention  to  the  facts  recorded  in  the  earlier  parts 
of  this  work  regarding  the  chemical  constitution  of  the  senile  non-cataract- 
ous  lens  and  the  cataractous  len^  of  the  same  age  of  life,  and  that  the 
nucleus  of  a  senile  cataract  has  a  different  constitution  from  the  nucleus 
of  a  senile  non-cataractous  lens;  also,  to  the  wonderful  and  surprising  con- 
clusions to  which  these  facts  have  led  Becker.  (See  section  on  "Senile 
Cataract,  on  page  234.) 

As  is  evident  from  a  careful  study  of  all  that  so  far  has  been  said, 
every  variety  of  cataract  which  is  not  a  congenital  malformation  or  disease, 
or  which  is  of  traumatic  origin,  is  either  secondary  to  some  disease,  either 
local  in  the  eye,  or  to  some  general  disease  of  the  entire  organism.  With 
a  more  complete  knowledge  of  the  causation  of  these  latter  forms  of  cata- 
ract, we  may  hope,  by  applying  the  proper  treatment  at  the  proper  time,  to 
prevent  their  occurrence,  but  I  do  not  beUeve  that  we  will  ever  succeed  in 
causing  a  retrogression  after  the  processes  of  cataract  formation  have  once 
been  started. 

Ednard  v.  Yager,  out  of  a  large  number  of  cases  in  which  he  made  a  diag- 
nosis of  clearing  up  of  a  cloudy  lens,  reports  two  in  detail  (p.  917).  Both  are 
cases  of  cortical  cloudiness  (one  anterior  and  one  posterior).  The  one  occurred 
in  a  man  25  years  of  age,  whom  he  had  had  under  observation  for  four  years; 
the  other  in  a  woman  42  years  of  age,  who  was  under  observation  for  twelve 
years;  however,  never,  even  where  the  senile  change  was  of  the  most  minute 
kind,  did  he  see  the  cloudiness  totally  disappear. 

If  we  are  to  designate  every  true  cloudiness  which  occurs  in  the  periphery 
of  every  senile  lens  as  a  cataract  incipiens,  I  can  not  agree  to  the  truth  of  this 
general  proposition.  Becker  reports  the  following  case:  "For  the  past  five 
years  I  have  known  a  gentleman  and  a  lady,  in  whose  eyes  as  long  ago  as  re- 
spectively twelve  and  fifteen  years,  the  opthalmoscoplc  examination  was  made 
by  men  of  reputation  and  ability;  colleagues  whose  veracity  is  not  doubted, 
and  I  hold  their  affidavits  that  at  that  time  cataract  was  diagnosticated,  and 
that  the  disease  has  not  progressed  since  that  time.  But  I  also  possess  the  most 
convincing  proof  in  an  observation,  in  which  I  myself  made  the  diagnosis  of 
cataract  on  both  eyes  of  a  lady,  the  wife  of  one  of  my  colleagues,  which  have 
since  totally  disappeared  again." 

Stellway  (p.  663)  likewise  seems  to  have  frequently  observed  similar  cases. 
He,  however,  does  not  attempt  to  explain  them  as  true  opacities,  but  considers 
them  as  gerontoTon  lentis  (Ammon).  Relative  to  traumatic  cataracts  we  possess 
the  beautiful  observations  of  V.  Rydel  (1107),  which  have  since  been  corrobor- 
ated by  the  observations  of  others.  An  early  closure  of  the  point  of  entrance 
is  favorable  to  such  a  clearing  up.  The  isolated  observations  which  V.  Dietrich 
made,  while  making  his  well  known  experiments,  also  belong  in  the  category. 
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Holscher  i  reports  two  cases  where  children  at  birth  had  cataract,  and  after 
the  close  of  the  second  year  these  lenses  commenced  to  clear  up,  beginning  at 
the  periphery.  In  the  beginning  in  simple  sectors,  until  finally  they  were  en- 
tirely free  of  opacities.  In  the  fifth  year  they  had  entirely  cleared  up  inside  of 
the  capsule. 

Under  the  title  of  "Spontaneous  Cataract  Cure,"  we  find  reported  in  litera- 
ture a  series  of  cases  of  spontaneous  resorption  and  luxation.  These  are  nearly 
all  cases  in  which  vision  was  lost,  owing  to  the  cataract,  and  had  again  been 
spontaneously  restored;  not,  however,  due  to  a  retrogression  of  the  processes 
of  cataract  formation.  Here  in  a  certain  number  of  cases,  without  operative 
interference  or  trauma,  a  result  was  obtained,  such  as  is  purposely  sought  by 
operative  Interference.    Some  of  the  cases  are  worthy  of  being  recorded. 

The  spontaneous  resorption  of  a  cataractous  lens  without  an  .injury  of  the 
capsule.  A  man,  40  years  of  age,  who  subjected  himself  to  a  "starvation  cure*' 
for  rheumatism  and  gout,  became  affected  with  soft  cataract  on  both  eyes, 
without  suffering  any  pain  or  inflammatory  symptoms.  Without  the  interven- 
tion of  any  operative  proceedure  both  cataracts  were  resorbed  in  the  course  of 
a  few  years,  more  quickly  on  the  right  than  on  the  left  eye,  so  that  he  was 
enabled  to  read  without  the  use  of  glasses  by  holding  large  print  closely.  (War- 
natz,  435.)  (This  was  undoubtedly  a  cataracta  Morgagni,  with  total  resorption 
even  of  the  nucleus.) 

Cataract  developed  in  both  eyes  of  a  woman  45  years  of  age.  Setons  were 
put  on  both  arms  and  laxatives  were  Udmlnistered  at  the  same  time,  and  at 
intervals  cups  were  also  applied.  After  a  duration  of  five  years  the  yellowish 
white  cataract  became  more  cloudy  in  both  eyes;  did  not,  however,  become 
resorbed  from  the  periphery  to  the  center,  but  had  a  fractured  and  divided  ap- 
pearance, a  starlike  configuration,  almost  like  the  figures  seen  after  a  kerato- 
nyxis.  Resorption  progressed  so  rapidly  that  at  the  end  of  six  months  both 
pupils  were  pure  black,  and  every  cataractous  discoloration  of  the  lens  had 
disappeared.  This  patient  used  spectacles.  (Warnatz.)  (Likewise  a  cataracta 
Morgagniani.) 

To  these  cases,  taken  from  the  pre-opthalmoscopic  literature,  Becker  adds 
the  clinical  report  of  a  case  kindly  given  to  him  by  his  friend.  Dr.  Brettauer,  of 
Triest,  which  may  serve  to  put  these  observations  of  Warnatz  in  their  proper 
light,  and  serve  to  place  the  possibility  of  a  lens  being  spontaneously  resorbed 
within  its  capsule  in  its  proper  light. 

March  20,  1862,  Mr.  Z.,  aged  35  years,  came  to  me  for  treatment.    On  the 

right  eye  he  had  a  ripe  cataract,  a  milky  white  corticalis,  presenting  no  special 

features.    Beneath  the  capsule  were  a  few  white  chalky  nodules,  about  one-half 

'  the  size  of  the  head  of  a  pin;  and  the  nucleus  could  be  differentiated.    On  the 

26th  of  March  the  right  eye  was  operated  by  a  fiap  extraction  downward,  with- 


1  Walter  and  Ammon  Journal,  XXXII,  p.  219. 
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out  an  Iridectomie.  Immediately  after  introdu<;tioii  of  the  cystotome  the  vitre- 
ous prolapsed.  At  the  same  moment  the  cataract  disappeared  out  of  the  pupil- 
lary area.  Whether  the  entire  cataract  was  fluid,  or  whether  the  vitreous 
caused  the  nucleus  to  be  dragged  out  of  the  eye,  could  not  be  determined,  as 
the  accident  required  my  undivided  attention.  We  hunted  for  the  cataract 
on  the  bed  and  on  the  floor,  but  it  could  not  be  found.  During  the  healing  pro- 
cess blood  fllled  the  pupillary  area  for  a  long  time,. and  the  iris  cicatrized  in  the 
wound.  August  4th,  with  a  +  >^  the  patient  could  read  Yager  No.  3,  and  with 
a  -f  i/^  the  numbers  of  the  houses  across  the  street.  The  result  was  perma- 
nent, since  with  this  one  eye  he  was  enabled  to  follow  his  occupation,  that  of 
a  hat  maker,  and  at  the  end  of  twelve  years  (March,  1874),  with  -f-  «/^  V  =  fj. 
When  he  came>again,  in  1871,  to  have  his  glasses  changed.  Dr.  Brettauer.  who 
had  not  seen  the  patient  since  the  operation,  noticed  a  trembling  and  discolora- 
tion of  the  left  iris,  which  was,  however,  round  and  reacted  to  light.  In  the 
center  of  the  pupil  was  an  irregular  star-shaped  membrane.  This  disclosed, 
on  dilating  the  pupil,  going  out  from  the  central-shaped  membrane  correspond- 
ing with  the  sectors  of  the  lens;  a  gelatinous  mass,  hanging  from  which  are 
an  innumerable  number  of  cholesterine  crystals,  resembling  the  golden  tinsel 
on  a  Christmas  tree.  Between  these  various  sectors  of  gelatinous  substances, 
we  can  get  a  red  reflex  from  the  fundus  by  means  of  the  opthalmoscope.  (Beclt- 
er  saw  this  case  in  187^.)  March  2,  1874,  this  trembling  of  the  iris  had  in- 
creased; the  gelatinous  mass  as  a  whole  had  grown  less,  lilcewise  the  number 
of  crystals.  Downward  and  outward  a  sector  of  gelatinous  substance  seemed 
to  lie  anterior  to  the  plane  of  the  central  membrane.  Immediately  posterior 
to  the  lens  one  could  see  a  number  of  easily  movable  and  quite  large  vitreous 
membranes,  all  in  the  anterior  portion  of  the  vitreous.  The  papilla  was  slightly 
hyperaemic,  and  on  the  outer  side  a  small  conns  about  one-sixth  the  diameter 
of  the  papilla.  With  -f  J4,  vision  equaled  nearly  }g.  The  slightest  change 
in  the  position  of  the  glass  impaired  vision;  hence,  there  is  no  sign  of  accommo- 
dation. How  long  vision  has  been  improving  on  this  eye  Z.  is  not  able  to  state. 
During  the  past  two  years  this  absorption  and  diminution  of  the  crystals  has 
materially  decreased.  Z.  denies  ever  having  received  a  trauma,  and  it  is  not 
possible  to  demonstrate,  either  on  the  cornea  or  iris  nor  on  the  capsule,  a  cica- 
trix, a  tear  or  anything  resembling  it.  Since  the  patient  required  on  this  eye 
a  glass  of  the  same  strength  as  he  did  on  the  operated  eye,  there  can  be  no 
doubt  but  that  this  is  a  case  of  ttpontaneous  resorption  of  a  cataract  tchere  the 
eqpsitle  has  not  been  ruptured.   (Bretthauer.) 

Oilson  (p.  722)  has  reported  a  case  where  a  congenial  cataracta  lactea  was 
resorbed,  as  the  result  of  a  blow  on  the  eye.  which  ruptured  the  capsule  without 
causing  any  other  injury  to  the  coats  of  the  eye. 

Finally,  all  these  eases  belong  to  this  class,  in  which,  following  a  spon- 
taneous sinising  of  the  cataractous  lens,  vision  Is  restored.  Literature  Is  full  of 
the  reports  of  such  cases.  The  oldest  reports  are  by  St.  Yves,  and  .Tanin  re- 
ports two  cases.    One  of  these  had  a  cataract  from  early  youth.     Slebold  and 
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HImly  (Opthal.  Blbl.,  I,  187.  1801),  in  the  reports  of  thelt  <^e8.  seem  to  have 
come  to  similar  conclusions,  in  that  pre-supposing  that  a  subluxation  had  oc- 
curred, they  gave  the  patient  suffering  from  a  "trembling  cataract"  the  advice 
to  take  Jumping  exercises,  in  order  to  bring  about  a  total  luxation.  Later  on 
it  became  fashionable  to  apply  electricity  or  to  give  large  doses  of  strychnia, 
60  as  to  bring  on  a  separation  of  the  lens  from  its  connection  as  a  result  of 
muscular  contraction. 

Sperlno  attempted  to  clear  up  a  beginning  or  even  fully  developed  cataract 
by  operative  means,  though  not  by  a  true  cataract  operation.     After  Hoquet, 
In  1729,and  Les  Col.  de  VlUars,  in  1740,  had  suggested  that  the  attempt  be  made 
by  means  of  repeated  punctures  of  the  anterior  chamber  to  ^influence  the  de- 
velopment of  cataract  (the  experiments  of  Dietrich  also  being  here),  Sperino 
took  up  his  experiments  in  a  more  extensive  manner,  in  that  he  did  not  restrict 
his  experiments  to  cataract  alone.    His  results  were  excellent.    A  woman  who 
could  no  longer  find  her  way  about  was  so  much  improved  by  this  method  that 
she  could  read  Yager  No.  3  without  spectacles,  and  vision  was  permanently 
improved.    In'  forty  other  cataract  cases  vision  was  more  or  less  improved.    It 
is  definitely  recorded  that  the  clearing  up  was  determined  by  opthalmoscopie 
examination.    These  experiments  were  repeated,  especially  by  Sperino*s  coun- 
trymen.   Borelli,2  In  twenty-one  cases,  had  little  or  no  result.    Torresini  (illd) 
even  noticed  a  rapid  increase  in  the  cataractous  cloudiness.    Rivaud  Landran 
reported  a  case  without  any  results  at  the  Congress  held  in  Paris  in  1863.3 
Since  that  time  nothing  further  has  been  heard  concerning  Sperino*s  sugges- 
tions.   1  do  not  know  whether  this  subject  has  received  any  further  attention. 
Good  results  were  certainly  not  attained,  otherwise  we  would  have  heard  of 
them.    The  great  attention  which  the  experiments  of  Spering  attracted  is  ex- 
plained by  the  fact  that  the  possibility  of  the  nutrition"  of  the  lens  being  af- 
fected by  the  repeated  punctures  of  the  anterior  chamber,  could  not  a  priori 
be  denied.    It  can  not  be  doubted  but  that  by  the  rep<*lrted  evacuation  of  the 
aqueous,  the  chemical  formation  of  the  same  is  altered.     We  know  that  by 
means  of  puncture  of  the  anterior  chamber  in  cases  of  traumatic  cataract,  and 
after  discission,  we  can  hasten  the  absorption  of  the  swollen  up  lens  substance. 
Aside  from  this,  every  time  the  anterior  chamber  is  punctured,  the  lens  changes 
its  position,  which  does  not  take  place  without  at  the  same  time  the  lens  chan^r- 
ing  its  shape,  and  consequently  the  lamellae  are  pushed  past  each  other.    If  it 
is  coiTect  that  there  are  always,  or  at  least  often,  a  splitting  up  of  the  leos 
during  cataract  formation,  hence  such  an  abnormal  change  iji  the  form  of  the 
lens,  as  occurs  when  the  aqueous  is  evacuated,  can  not  but  influence  the  for- 
mation of  a  cataract.    One  should  at  least  incline  more  to  the  opinion,  as  Tor- 
resini observed,  that  the  cataract  formation  is  hastened  by  the  repeated  punc- 
tures.   This  would  be  in  accord  with  Snellen's  verbal  statement  to  me  (Becker), 
that  the  making  of  a  preliminary  iridectomie  will  ripen  an  unripe  cataract. 

2  Gionale  d  Ottalmologia  Italiano,  1862. 

8  Comptes  Rendus,  155.    See  the  discussions  in  which  Raymond,  Desmares, 
Testelin,  Borreli,  Dor,  Ricardo-Secondi  Quaglino  took  part. 
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CHAPTER  II. 

THE  OPERATIONS  FOR  CATARACT. 

The  true  operations  start  out  with  an  essentially  diflferent  purpose. 
By  their  means  the  cloudiness  of  the  lens  is  not  expected  to  he  cured,  hut 
rather  the  detrimental  influence  which  such  a  cloudy  lens  exerts  on  Tision 
is  to  be  removed.  Only  exceptionally  do  we  remove  a  cataractous  lens  in 
order  that  we  may  abate  the  disfigurement. 

The  object  of  all  operative  interference  in  primary  cataract  is  to  make 
it  possible  for  a  large  amount  of  regularly  refracted  light  to  reach  the 
retina.  This  can  be  attained  by  various  methods.  We  can 'leave  the  cata- 
ractous lens  in  the  eye,  but  remove  it  from  the  pupillary  area,  by  pushing  it 
to  one  side,  or  downward  into  the  vitreous — depression  reclinatio,  lentis. 
We  can  remove  the  lens,  by  making  a  wound  of  sufficient  size  in  the  coats 
of  the  eye,  cornea  and  sclera,  and  thus  remove  it  at  once  from  the  eye — 
extracHo,  suctio,  lentis.  By  opening  the  capsule  we  can  bring  the  lens  in 
direct  contact  with  aqueous  and  vitreous,  and  thus  bring  about  a  resorp- 
tion within  the  eye — decissio  per  Jceratonyxim,  et  per  scleronyxim.  Finally, 
we  may  permit  the  partially  luxated  or  partially  cloudy  lens  to  remain  with- 
out interfering  with  it,  and  by  means  of  an  artificial  pupil,  bring  the  light 
unimpeded  to  the  retina — iridectomie  in  cases  of  cataract. 

A. 
DISLOCATIO     CATARA<7rAE,    DEPRESSION,  •  RECLINATIO     C. 
PER    SCLEROTICONYXIM    AUT    PER    KERATONYXIM 
ABAISSEMENT   DE   LA    CATARACTE.     COUCH- 
ING—SUBLATIO   C,   RELEYEMENT   DE 
LA  CATARACTE. 

DEPRESSION. 
Definition — Every  operation  which  has  for  its  object  the  removal  of 
the  lens  from  the  pupillary  area,  and  the  sinking  of  it  into  the  vitreous,  by 
means  of  an  instrument  (a  needle)  ,which  is  pushed  through,  the  sclerotic 
or  cornea,  is  designated  by  the  words,  '^depressio  cataracta,  reclinatio;" 
'^turning  over  of  the  cataract;  deplacement.  By  means  of  the  needle,  press- 
ure is  either  brought  to  bear  on  the  lens  from  above,  and  so  depressed  ex- 
actly downward,  {depressio  catarada — method  of  Celsius),  or  the  needle  is 
applied  to  the  anterior  surfac  of  the  lens,  and  by  this  means  the  lens  is 
turned  over  backward,  so  that  its  upper  edge  becomes  its  posterior,  and  its 
anterior  surface  its  upper,  (reclination  according  to  Willburg,  1785 — turn- 
ing over  of  the  cataract);  or  the  needle  is  turned  backward,  outward  and 
below,  at  the  moment  the  lens  is  being  turned  over,  so  as  to  cause  the  ante- 
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rior  surface  of  the  lens  to  face  the  gabella  froniis.    (Reclination  according 

to  Scarpa,  1801). 

There  are  cases  in  which  a  spontaneous  process  occurs  in  cataractous 
eye,  which  may  be  looked  upon  as  the  prototype  of  depression,  and  which 
really  lead  to  the  artificial  application  of  this  procedure.  These  are  the 
cases  of  spontaneous  sinking  of  cataractous  lenses  which  have  already  been 
considered. 

From  the  most  ancient  times  the  point  for  the  puncture  has  always 
been  in  the  sclerotic,  midway  between  the  outer  edge  of  the  cornea  and  the 
outer  canthus.  TJiis  seemed  to  be  such  a  self-evident  procedure,  that  this 
method  of  puncture  was  never  given  a  name  (scleronyxis)  until  Buchhom 
(1805)  began  recommending  that  the  puncture  for  the  depression  be  made 
through  the  cornea  (keratonyxis  from  xipa^  and  vuttio  punctio  corneae). 
How  the  method  of  discission  develo-ped  from  this  suggestion,  I  will  explain 
more  fully  when  we  come  to  the  subject  of  keratonyxis  cum  depressions 
cataractae, 

THE  DEPRESSIO  CATARACTAE  is  the  only  method  of  which  a 
complete  and  lucid  description  has  been  handed  down  to  us  from  ancient 
times.  This  is  found  in  Celsius  (lib.  VII.,  c.  VIII.,  14).  Owing  to  the 
extreme  importance  which  this  bears  to  the  history  of  opthalmology,  I  will 
quote  it  here  in  full: 

"Igltur  vel  ex  ictu  concreslt  humor  sub  duabis  tunlcis  {KtfHiroetdt/C  et  mpuei^^), 
qua  locum  vacuum  esese  proposui;  isqne  paulatim  Indurescens  interiori  po- 
tentiae  se  opponlt.  Vitllque  ejus  plures  sunt  species;  quaeda«i  «anabiles,  quae- 
dam  quae  curationem  non  admittunt.  Nam  si  exigua  (^^usio  est.  si  immobilis, 
eolorem  vero  habet  marlnae  aquae,  vel  ferri  nltentls,  et  a  latere  sensum  aliquem 
fulgoris  rellnqult,  spes  superest.  Si  magna  est  si  nigra  pars  oculi,  amissa  nat- 
urali  flgura,  in  aliam  vertitur,  si  suffusioni  color  caeruleus  est,  aut  auro  similis, 
si  labat,  et  hac  atque  lilac  movetur,  vix  unquam  succurritur.  Fere  vero  pejor 
est,  quo  ex  graviore  morbo  majoribusve  capitis  doloribus,  vel  ictu  vehementiore 
orta  est.  Neque  idonea  curationi  senilis  aetas  est,  quae  sine  novo  vitlo,  tamen 
aciem  hebetem  habet:  ac  ne  puerilis  quidem;  sed  inter  has  media.  Oculus 
quoque  curationi  neque  exiguus,  neque  ooncavus,  satis  opportiinus  est.  At 
que  ipsius  suffusionis  quaedam  maturitas  est.  Expectandum  igltur  est,  donee 
jam  nou  fluere,  sed  duritie  quadam  conerevisse  videatur.  Ante  curationem 
autem  modico  cibo  uti,  bibere  aquam  triduo  debet;  pridle  ab  omnibus  abstlnere. 
Post  haec  in  adverso  sedili  eoUocandus  est  loco  hieido,  lumine  adverso  sic,  ut 
contra  medicus  pauIo  altius  sedeat:  a  posterlore  autem  parte  caput  ejus  min- 
ister contineat,  ut  immobile  it  praestet;  nam  levi  motu  eripi  acies  In  perpetuum 
potest.  Quin  etiam  ipse  oculus  Immobilior  faciendus  est.  super  alterum  lana 
imposita  et  deligata.  Curarl  vero  sinister  oculus  deXtra  manu.  dexter  sinister 
debet.    Tum  acus  admovenda  est  acuta  ut  foret.  sed  non  ninium  tenuis;  eaque 
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demittenda  recta  est  per  sunimas  duas  tunicas  medio  loco  Inter  oculi  nigrum 
et  augulum  temporl  proplorem,  e  regione  mediae  suffuslonls  sic,  ne  qua  vena 
laedatur.  Neque  tamen  tlmide  demlttenda  est,  quia  Inani  loco  excipitur.  Ad 
quern  quum  ventum  est,  ne  medlocriter  quidem  peritus  faili  potest;  quia  pre- 
menti  nihil  renitltur.  Ubi  eo  yentum  est,  Inclinanda  acus  ad  ipsam  suffusionem 
est,  leniterque  ibi  vertl,  et  paulatlm  eam  deducere  Infra  regionem  pupiliae  debet; 
ubi  deinde  eam  transiit,  vehementius  impriml,  ut  Inferiorl  parti  insldat.  SI 
haesit.  curatio  expleta  est:  si  subinde  redit  eadem  acu  concidenda  et  in  plures 
partes  disslpanda  est;  quae  singulae  ea  facilius  conduntur,  et  minus  late  offld- 
nnt.  Postea  educenda  recta  acus  est,  imponendumque  lana  molli  exceptum  oyI 
album,  et  supra  quod  inflammatlonem  coerceat  atque  ita  devlnciendum.  Post 
haec  opus  est  quiete,  abstinentia,  lenium  medlcamentorum  inunctionibus,  clbo, 
qui  postero  die  satis  mature  datur,  primum  liquido,  ne  jnaxillae  laborent;  deinde, 
inflammatione  flnita,  tall,  qualis  in  vulneribus  propositus  est.  Qulbus  ut  aqiia 
quoque  diutius  bibatur,  necessario  accedit." 

From  tMe  above  one  sees  that  even  Celsius  differentiated  between  the  trau- 
matic cataract  and  the  one  due  to  internal  causes,  and  that  he  considered  all 
cataracts  not  the  result  of  trauma  as  due  to  some  disease.  He  was  even  then 
of  the  opinion  to  which  we  are  all  now  returning;  namely,  that  all  cataracts 
are  secondary  in  their  nature.  He  also  recognized  the  importance  which  the 
color  of  the  cataract  bears  to  the  prognosis.  In  that  he  separated  the  curable 
from  the  Incurable.  He  acknowledged  that  there  is  hope  of  a  cure  when  there 
is  still  perception  of  light.  We  meet  with  the  expression  "ripeness  of  the  cat- 
aract," and  also  learn  that  a  preparatory  treatment  was  practiced,  and  that 
at  the  time  of  the  operation,  the  patient  was  placed  in  a  position  similar  to  that 
customary  up  to  a  few  years  ago.  (The  patient  in  a  low  chair,  the  physician 
somewhat  higher.  Desmarres,  1252,  p.  15.)  An  assistant  held  the  head;  the 
other  eye  was  covered  with  a  bandage,  in  order  that  the  eye  to  be  operated  on 
might  remain  quiet.  The  doctor  should  be  ambidextrous.  After  the  operation 
the  patient  received  only  fluid  nourishment,  "net  maxillae  laborent."  If  we 
look  at  the  very  exact  'description  of  the  operation,  one  really  can  not  tell  at 
what  one  shall  be  most  astonished;  that  Celsius  should  have  had  such  a  com- 
plete understanding  of  the  operation  of  depression,  which  up  to  a  few  years 
ago  was  so  frequently  made,  or  that  this  method  should  not  have  materially 
Improved  until  after  the  discovery  of  the  extraction,  which  robbed  it  of  its 
supremacy  and  caused  It  to  be  almost  entirely  abandoned. 

The  only  ehajige  from  the  methods  of  Celsius  in  ancient  times,  is  con- 
fined to  the  instruments.  Instead  of  the  round-pointed  needle  of  Celsius, 
we  gradually  came  to  use  the  myrtle-leaf-shaped  needle  of  Brisseau.  This 
change  was  first  suggested  by  Gimz  (1750)  and  was  first  carried  out  by 
Willburg  (1785),  and  was  the  cause  of  the  introduction  of  the  name  redina- 
turn.  The  lateral  displacement  of  the  lens  {depressio  lateralis,  1801)  was 
first  suggested  by  Bell  and  was  first  introduced  into  practice  by  Scarpa,  and 
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this  was  greatly  facilitated  by  the  use  of  a  cataract  needle,  which  was  mod- 
erately curved  on  the  flat  at  its  point,  and  even  today  this  needle  bears 
Scarpa's  name.  The  suggestion  of  Pauli,  1858,  (450)  is  to  be  looked  upon 
as  an  error — sublaiio  catarade,  relevement  de  la  catarade. 

The  words  of  Celsius  may  be  interpreted  to  mean  that  the  needle 
fehould  be  so  introduced  from  the  beginning,  that  the  point,  by  being  simply 
pushed  forward,  will  reach  the  upper  edge  of  lens.  Later  on,  we  diverged 
from  this,  in  that  the  needle  was  in-troduced  perpendicularly  through  the 
coats  of  the  eye,  and  the  attempt  was  made,  by  just  touching  the  upper  edge 
of  the  lens,  to  reach  the  posterior  chamber.  If  by  this  means  the  certainty 
of  depressing  the  lens  was  increased,  the  amount  of  damage  to  the  interior 
of  the  eye  must  likewise  have  increalsed,  owing  to  the  movements  of  the 
needle.  The  methods  of  Willburg  and  Scarpa  must  likewise  have  led  to 
more  extensive  destruction  of  the  vitreous,  than  where  the  typical  opera- 
tion of  Celsius  was  practiced.  If,  owing  to  the  lens  rising  up  again,  they 
were  compelled  to  break  the  lens  into  a  number  of  pieces  (*^eadem  acu  con- 
cidende  et  in  plures  partes  dissipanda,  Celsius'')  the  destruction  of  the 
vitreous  could  surely  not  havesjjteeB^^ss  extensive,  even  where  this  method 
was  practiced. 

Since  the  time  of  Buchhom's  suggestion,  depressio  per  corneam  has 
also  been  practiced,  (depressio  per  corneam,  per  keratonyxim).  It  appears 
however,  that  this  method  is  of  earlier  date.  For  it  is  said,  that  among 
nations  which  are  soniewhat  removed  from  our  civilization  (as,  for  in- 
stance, in  Roumania)  skilled  women  who  are  not  physicians,  even  today, 
practice  this  method  (depressio  per  corneam)  by  means  of  thorns  of  the 
Lycium  Europaeum  which  have  been  hardened  by  fire.  Who  will  fail  call- 
ing to  mind  the  fable  of  the  goats? 

Tradition  tells  us  that  the  ancients  ascribed  the  discovery  of  recllnation  to 
observations  which  were  made  on  goats.  It  is  really  worth  while  stopping  and 
critically  examining  this  story. 

Pllnlusi  tells:  "Oeulos  subfusos  capra  iuncl  puncto  sanguine  exonerat,  caper 
rubi."  It  Is  not  difficult  to  form  an  Idea  how  the  sentence  came  to  be  written. 
No  doubt  goats  were  observed  which  had  wounded  themselves  with  a  thorn, 
and  they  must  have  had  a  subconjunctival  hemorrhage,  and  at  the  same  time  a 
suffu^io;  therefore,  a  cloudiness  In  the  pupil,  which  might  either  have  been  a 
true  cataract,  or  an  occlusion  of  the  pupil,  or  possibly  a  hypopyon.  The  trau- 
matic cataract  must  consequently  have  been  the  result  of  the  Injury  by  means 
of  the  thorn,  and  not  an  injury  of  the  eye  by  means  of  the  thorn,  purposely 

1  Ed.  Sittig,  VIII,  201,  p.  131. 
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produced  in  order  to  remove  a  cataract.  Pllnius  even  goes  so  far  as  to  imagine 
that  tlie  animal  had  purposely  caused  a  local  bloodletting,  in  order  to  relieve 
Itself  of  the  eye  disease.  Piinius,  however,  says  no1;hing  regarding  the  cure 
of  cataract. 

In  the  "Introductio  sen  medicus,"  which  is  ascribed  to  Galen,  we  find,  in 
Chapter  1,  the  following  interesting  statements  (Ed.  Kuhn  tom  XIV.,  p.  675): 
"Quaedam  dlcuntur  ex  casu  abservata  fuisse,  ut  suffusos  pungere,  inde  quod 
capra  quaepiam  ex  suffustone  male  habens,  Junco  aculcato  in  oculum  impacto. 
visum  receperlt."  Here  a  cataract  operation  is  spoken  of,  and  since  we  do  not 
possess  any  positive  evidence  that  any  operation  other  than  depression  was 
known  during  the  time  of  Galen,  hence  we  may  apply  these  remarks  directly 
to  the  operation  of  reclination.  It  is  perfectly  natural  that  such  an  operation 
should  have  been  made,  and  by  this  means  the  reasons  on  which  the  operation 
of  discission  is  based  were  finally  arrived  at.  It  must  certainly  strike  every 
one  as  a  ciyrious  fact,  that  the  ancients  who  displayed  sucb  great  talent  in 
making  observations,  and  who  had  every  opportunity  of  observing  the  fre- 
quently occurring  cases  of  traumatic  cataract,  should  not  have  come  upon  the 
idea  of  purposely  bringing  about  the  process  of  spontaneous  resorption  as  it 
occurs  in  traumatic  cataract  However,  this  is  easily  explained  if  we  will  call 
to  mind,  that  in  most  of  the  cases  of  cataract  in  which  reclination  was  practiced, 
the  cataract  only  became  [>artially  resorbed,  and  in  many  cases  of  reclination 
vision  was  restored  only  after  the  remains  of  the  lens  which  occupied  the  pu- 
pillary area  were  gradually  resorbed,  and  that  frequently,  instead  of  making 
a  reclination,  in  reality  a  discission  was  made.    (See  Celsius.) 

I  can  not  refrain  from  again  most  particularly  drawing  attention  to  the  t&cU 
that  this  book  is  only  ascribed  to  Galen;  the  period  when  it  was  written  is  not 
fixed.  I  also  desire  to  quote  a  passage  from  Aelian,2  which  has  been  translated 
by  Schneider:  "Caliginem  ocuiorum,  quam  sufTusionem  medlci  vocant,  caprinum 
pecus  probe  curare  sclt;  et  ab  ipsa  remedium  ejusdem  homines  quoque  mutati 
dlcuntur,  idque  hujusmodi  est.  Cum  conturbatum  oculum  sentit,  earn  ad  rubi 
spinam  et  admovet,  et  reserandam  permittit;  haes  ut  pupugit,  pituita  statim 
evocatur,  nuUaque  pupillae  iaesione  facta,  vlvendi  usum  recuperat;  neque  sane 
hominnum  sapientia  adfaciendam  sibi  medlcinam  eget.**  This  sliows  that  the 
fable  has  been  perfected  pretty  well. 

According  to  Scott,3  the  Brahmids  of  East  India  depressed  the  cataract  by 
means  of  a  small  cotton  tipped  probe,  which  is  inserted  through  an  opening  in 
the  sclera,  after  a  considerable  amount  of  the  vitreous  had  been  evacuated. 


2De  Natura  Animalium,  Lib.  VII,  Cap.  14.  Ed.  Schneider.  Leipslg,  1784, 
p.  230. 

S  Journal  of  Sciences  and  Arts.  I^ndon.  1816.  No.  3,  pi.  II,  A.  B..  and 
Himly's  Krankheiten  und  Missbildungen,  Bd.  II,  p.  297. 
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According  to  EngeH  the  same  procedure  Is  successfully  practiced  in  Turkey, 
the  Moldan  and  Wallachei  of  Lalen  (Stellwag,  1.  c.  1,  p.  771).  The  reports  de- 
serve to  be  recorded  here,  not  only  because,  as  Stellwag  has  pointed  out,  they 
teach  us  bow  much  an  eye  can  withstand  without  being  totally  destroyed,  but 
because  they  teach  us  that  In  every  country  the  autochthon  cataract  operation 
was  the  depresaio  cataractae  in  some  modltled  form. 

B. 

EXTRACTIO  CATARACTAE. 

(PER  KERATOTOMIAM  AUT  PER  SCLEROTOTOMIAM). 

"Extraction"  was  the  expression  used  to  designate  ev6ry  operative 
method,  hy  means  of  which  a  lens  of  normal  size,  shrunken,  transparent  or 
opaque,  with  or  without  its  capsule,  was  entirely  or  partially  removed  from 
the  eye  thrdugh  an  incised  or  thrust  wound  through  the  outer  coats  of  the 
eye,  (cornea  and  sclera)  and  through  the  (anterior  or  posterior)  capsule, 
proportionate  to  the  size  and  consistence  of  the  crystalline  body  or  portion 
of  the  same  to  be  removed.  According  to  the  position  of  the  incis-ion,  the 
differentiation  was  established  between  a  (2T>r4ieal,  a  scleral,  and  a  corneo- 
scleral extraction,  and  depending  on  the  form  of  the  incision,  as  a  flap,  semi- 
circular (Bogen)  and  linear  extraction. 

"As  a  rule,  extraction  is  only  practiced  where  we  desire  to  remove  a  cata- 
ractous  lens  from  the  eye.  In  more  recent  times  we  have  extracted  perfectly 
clear  lenses  where  particular  indications  presented  themselves,  as  where  sym- 
pathetic opthalmia  of  the  second  eye  had  set  in  (obsolete),  or  where  we  desire 
to  reach  a  cysticercus  in  the  vitreous,  or  behind  the  retina.  And  finally  It  has 
been  suggested  that  we  remove  a  normal  lens  to  overcome  a  high  degree  of 
myopia,  (Donders,  1.  c,  p.  351).    (Fukula.4a) 

To  make  an  extraction  by  means  of  an  Incision  behind  the  ciliary  body,  as 
was  suggested  and  often  practiced  by  Freitag,  Bell,  Butter,  Earlie  (263),  Quadil, 
Loebenstein-Loebell  and  Ritterlch,  has  been  entirely  abandoned,  so  that  I  need 
pay  no  further  attention  to  this  procedure.  However,  in  the  last  few  years 
(1876)  this  scleral  incision  has  again  come  into  vogue,  \n  removing  foreign 
bodies  from  the  vitreous,  also  subretinal  cysticercii;  hence,  this  scleral  incision 
Is  at  least  worthy  of  being  mentioned  at  this  place.5  It  is  not  at  all  Improbable 
that  the  operation  of  extraction  was  known  to  the  ancients.  The  passage 
quoted  from  Plinius  (1.  c,  XXIX,  1,  8)  to  sustain  this  assertion,  reads  as  follows: 

"Ne  avaritiam  quldem  argiiam,  rapacesque  nundinas  pendentibus  fatls,  et 
dolorum  indlcaturam,  ac  mortio  arrham,  aut  arcana  praeoepta.  Squamam  in 
oculls  emovendam  potius  quam  extrabendam:  per  quae  effectum  est  ut  nihil 


4  Gaz.  Med.  de  Paris,  1840. 

4a  Operative  Behandlung  hoohstgradiger  Myopie  durch  Aphakle.     Graefe's 
Arch.,  Vol.  XXXVI,  2  P.,  p.  230.     1890. 

5  See  O.  Becker,  in  Mauther's  Opthalmoskopie,  p.  467-468. 
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magls  prodesse  videretur,  quam  multitudo  grassantium.  Neque  enim  pudor, 
sed  aemuU  pretia  summlttunt/'  But  there  is  nothing  to  show  that  the  word 
"squama,"  as  used  by  the  ancients,  was  used  to  designate  a  cataract  (S.  Hirsch., 
p.  285).  Then  Galen  would  be  the  first  in  whose  works  I  find  the  extraction 
mentioned.  In  "Method!  Medendi,  LXIV,  c.  13,  Ed.  Kuhn.  Tom.  X,  p.  986,"  is 
written :  "  'B^TraXvi'  rT  wf  hrl  tow  {iroxvfiAruv  afrtmiTrropTeg  rov  irpoitov  okoitov  npoq  erepov  iyo/iev 
ciVa  T&iTov  OKVpdrepov.     'Kvioi  rf^  Kal  ravra  ictvovv  *?rc;ffip<7<yov,  wf  Iv  rolg  x^^P^^py^^f^^^i  kpo).** 

"The  extraction  is  again  mentioned  in  the  Contlnens  of  Rhazes,  who  lived  in 
the  ninth  century.  In  the  Venetian  edition  of  1506  (Lib.  II,  Fol.  3.  B.  40),  we 
find  in  'Latyrion  dixit  cum  chirurgicus  vult  extrahere  cataractam  ferro  debemus 
tenere  instrumentum  super  cataractam  per  magnam  horam  in  loco  ubi  ponitur 
iUud,'  and  at  another  place  far  from  this  one  we  find:  'Dixit  Antllus  et  aliqui 
opererunt  sub  pupilla,et  extraxerunt  cataractam  et  potest  esse  cum  cataracta  est 
subtllius;  et  cum  est  grossa,  non  potnet  extrahi,  qui  humor  egrederetur  cum  ea.' 
Both  of  these  passages,  since  their  discovery  by  Albrecht  von  Haller,  have  been 
quoted  in  all  text-books,  and  have  given  rise  to  a  great  many  false  conceptions, 
in  that  they  have  led  us  to  arbitrarily  place  the  time  of  I^atryion's  life  In  the 
first  century  after  Christ;  whereas,  the  text  simply  states  that  he  must  have 
lived  before  the  ninth  century,  and  we  have  likewise  brought  Latryion  in  per- 
sonal relationship  with  Antilus,  ^ho  lived  in  the  third  or  the  beginning  of  the 
fourth  century."   (Hirsch.) 

In  the  eleventh  century,  it  is  Avleenna  <>  who  again  takes  up  the  subject  of 
extraction.  "There  are  various  Instrumental  methods  of  treating  cataract,  thus 
there  is  one  in  which  we  sever  the  lower  portion  of  the  cornea,  and  then  pull  out 
the  cataract;  but  this  is  dangerous,  for  with  the  cataract,  if  it  is  thick,  (agua 
quado  est  grossa),  the  vitreous  also  escapes."  It  is  worthy  of  note,  and  Hirsch 
drew  attention  to  it,  that  there  is  not  a  single  passage  extant,  which  could 
prove  to  us  that  any  one  of  the  well-known  ancient  pbyscians  ever  really  made 
an  extraction.  All  reports,  taken  from  that  time  forward,  and  on  which  any 
reliance  can  be  placed,  simply  go  to  show,  that  the  casefe  ,which  they  report  are 
simply  hearsay,  and  others  coming  after  them,  have  simply  quoted  their 
writings. 

Avenzor,  who  lived  in  the  twelfth  century,  mentioned  the  extraction,  but 
declares  that  it  is  a  simple  impossibility.  He  writes  (Lib.  I,  Tract  8,  Cap.  19, 
FoL  149):  "The  cataract  must  not  be  pulled  out  until  it  Is  fully  ripe;  if  removed 
sooner  it  will  return,  .  And  when  I  say  pulled  out  (extrahere),  I  desire  you  to 
understand  that  this  is  not  possible,  as  so  many  believe,  but  that  I  push  the 
.cataract  down  into  the  depths  of  the  eye  by  means  of  a  needle,  and  when  I 
have  done  this  I  draw  the  needle  out  again." 

All  other  evidence  of  ancient  times  and  the  middle  ages  is  not  relevant  to 
the  operation  of  extraction.  From  the  time  of  Avenzor  until  the  close  of  the 
seventeenth  century,  all  writers  are  so  completely  silent  on  this  subject  that 
we  must  come  to  the  conclusion  that  It  had  fallen  entirely  into  oblivion.   Hence, 


e  Ed.  Venetio,  1544,  Fol.  237.  Buch  3,  Fen.  3,  Tract  4,  Cap.  20. 
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we  are  placed  In  a  position  where  we  can  follow  closely,  even  in  its  preparatory 
stages,  the  discovery  of  the  corneal  extraction  by  Daviel.  In  his  dissertation 
(De  Gataracta  Argentorum),  which  appeared  In  1721,  Henricus  Freitag  tells 
us,  that  in  1G94  his  father,  John  Conrad  Freitag,  removed  through  the  sclerotic, 
by  means  of  a  hook-shaped  needle,  two  cataracts  which  had  again  "risen  up** 
after  reclinatlon.  According  to  the  statements  of  Albini,  in  Goskey's  disserta- 
tion (15),  about  this  time,  in  1605,  men  traveled  from  place  to  place  (cataract 
cutters— staarstecher)  who  practiced  extraction  through  the  cornea.  Gosky 
described  an  instrument  something  like  a  pair  of  forceps,  which  was  used  to 
extract  the  grej  cataract.  He  gives  an  illustration  of  this  instrument  in  his 
dissertation. 

These  facts  were  unknown  to  the  French,  to  whom  we  are  really  indebted 
for  the  method  of  extrac^on.  At  the  same  time  that  Brisseau  made  his  dis- 
covery as  to  the  seat  of  cataract,  St.  Yves  (1707),  Du  Petit  (1708)  and  Duddell 
(1729),  extracted,  p^r  corneal  incision,  cataracts  which  had  fallen  into  the  an- 
terior chamber  during  reclinatlon. 

In  1745  Jacques  Daviel  found  himself  called  upon  to  practice  this  same 
procedure  which  Petit  had  practiced,  being  compelled  to  remove,  per  corneal 
incision,  a  cataract  which  had  fallen  into  the  anterior  chamber  while  making 
a  reclinatlon. 

Jacques  Daviel  was  born  in  La  Barre,  Normandy,  August  11,  1006.  He 
studied  at  Rouen,  and  served  at  the  Hotel  Dieu,  in  Paris.  In  1719  he  was  sent 
as  "plague  physician**  to  Provence,  and  for  the  services  there  rendered  he  was 
appointed  Surgeon  to  the  City  of  Marseilles.  There  he  became  Professor  of 
Anatomy  and  Surgery,  but  from  1728  he  employed  his  time  exclusively  in  the 
treatment  of  eye  diseases,  and  he  became  so  renowned  that  he  was  repeatedly 
called  to  Portugal  and  to  Italy.  In  1746  he  settled  in  Paris,  and  in  1749  he 
received  the  appointment  of  Surgeon  Oculist  to  the  King.  In  1750  he  was 
called  to  attend  the  Kurfurstin  at  Mannheim;  in  1754  to  Ferdinand  YI.  of  Spain, 
and  later  he  was  once  more  called  to  see  the  Princess  Clemens  of  Bavaria. 
To  restore  his  shattered  health  he  went  to  Bourbon  and  to  Geneva,  to  take  the 
baths,  at  which  latter  place  he  died  in  1762. 

A  hermit  of  Aiguilles,  in  Provence,  was  operated  on  the  right  eye  without 
result,  and  came  to  Marseilles,  where  Daviel  was  at  that  time  residing,  to  be 
operated  on  his  left  eye  by  him.  But  Daviel  had  no  greater  success.  A  num- 
ber of  pieces  of  the  lens  fell  into  the  anterior  chamber,  which  at  the  same  time 
became  filled  with  blood.  Daviel  then  punctured  the  cornea  with  a  bent  needle, 
and  enlarged  the  opening  with  a  pair  of  curved  scissors.  The  pupil  cleared  up 
and  the  patient  saw.  Two  days  later,  however,  purulent  inflammation  set  In, 
and  the  eye  was  lost.  Nevertheless.  Daviel  advanced  a  step  farther,  and  made 
the  attempt  to  reach  the  lens  in  its  capsule  by  means  of  an  incision  in  the 
cornea,  and  then  to  permit  the  lens  to  enter  the  anterior  chamber  through  the 
pupil,  and  from  here  to  draw  (tirer)  It  out  of  the  eye.  He  did  this  operation 
the  fli*st  time  on  a  woman.    He  tolls  uh:    *Mouveris  la  cornee  comme  je  Tai  ex- 
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plique  ensuite  en  portant  la  petit  spatule  dont  j'al  deja  parle  sur  la  partle  supe- 
rieure  de  la  cataracte  je  la  detachai  et  Je  la  tlrai  en  morceaux  hors  de  Toell 
ayec  cet  instrument.  La  prunelle  parut  nette,  la  malade  n'eut  la  moindre  acci- 
dent, et  fut  guerie  guinze  Jours  apres/*  After  five  successful  operations  he 
had  one  failure,  and  Daviel  decided  for  the  time  being  to  give  up  this  method, 
and  returned  to  reclination.  This  he  likewise  did  in  a  particular  manner,  in 
that  he  first  opened  the  sclerotic  at  the  usual  place  by  using  a  double  edged 
needle;  he  then  entered  with  a  blunt  instrument,  with  which  he  dislocated  the 
lens.  Two  years  later,  in  1747,  while  operating  a  gentleman  in  Paris,  to  which 
city  he  had  in  the  meantime  removed  his  residence,  he  was  again  compelled 
to  Incise  the  cornea,  in  order  to  permit  the  cataract,  which  it  seems  would  not 
be  dislocated  into  the  vitreous,  to  escape  through  the  pupil  and  corneal  wound. 
Although  there  was  a  slight  loss  of  vitreous,  the  operation  was  followed  by  a 
successful  result  From  now  on,  during  the  following  three  years,  he  from  time 
to  time  operated  through  the  cornea,  in  order  to  attain  greater  accuracy  in 
this  new  method  of  operating.  He  writes:  ''Mais  ce  n'est  determlnement  que 
dans  le  cours  du  voyage  que  jai  fait  a'  Mannheim  (1750),  poury  traiter,  S.  A.  S., 
Madame  La  Princesse  Palatine  de  Deuxponts,  d*une  ancienne  maladie  qu*elle 
avait  a  Toeil  gauche,  que  je  pris  la  resolution  de  ne  plus  desormais  operer  la 
cataracte  que  par  extraction  du  cristallin." 

Regarding  this  ori)eration,  which  he  made  at  Mannheim,  Remon  de'Vermale, 
Plkysicicln  to  the 'Kurf stin,  made  a  report  in  a  letter  to  Mow.  Ghicoyneau,  Pri- 
vate Physician  to  the  King  of  France,  and  later<in  9.  copyJlo  Van  ^wieten,  Phy- 
sician to  Her  Royal  Highness  in  Vienna.  There  are,  all  told,  but  three  pure 
cataract  extractions.  They  were  made  respectively  on  "The  Court  Officer, 
Schlemmer,  of  Mannheim,  aged  60  years;  on  "The  Master  of  the  Horse,'*  of  the 
Margrave  of  Baden  Durbach,  Baron  v.  Beck,  aged  57,  and  on  the  journeyman 
tailor  and  drummer  of  the  town  of  Heidelberg,  Franz  Kertenayer.  These  three 
cases  are  of  historical  interest,  because  Vermale's  reports  are  the  first  literary 
evidence  we  possess  of  Daviel's  operation;  indeed,  of  the  fiap  operation.  This 
letter  of  Vermale  is  dated  November  25,  1750,  and  it  seems  that  it  appeared  in 
print  in  Paris  as  his  own  pamphlet  in  1751.  Daviel  referred  to  this,  and  speaks 
of  it  as  a  dissertation  in  his  "Original  Investigations,"  which  he  presented  be- 
fore  the  Academy.  "Sur  une  nouvelle  methode  de  uerir  la  cataracte  par  la 
extraction  du  cristallin  (107),  which  was  written  in  1752,  but  was  first  pub- 
lished in  1753,  in  volume  II  of  Memoirs  de  TAcademie  de  Ghirurgie.  (The  first 
volume  of  this  memoir  bears  the  date  of  1743).  To  this  fact  can  be  traced  the 
errors  which  arose  regarding  the  date  of  the  first  literary  reports  of  Daviers 
extraction. 

Hirschberg7  claims  that  this  was  not  published  until  1757.  A  German 
translation  of  this  first  publication  of  Daviers  appears  In  the  work  of  Magnus 
(1876,  p.  265).    Unfortunately  this  contains  an  ugly  error.    "The  'cornea  is  cut 


7  H.  Archive,  p.  1©8.    1890.    Zur  Geschicte  der  Star  Auziehung. 
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in  the  shape  of  a  cross/'  The  original  statement  is,  "in  the  shape  of  a  half 
moon."  From  the  time  of  Richter  (Gr.  Staar.  Goettinger,  1773)  up  to  the  pres- 
ent day,  all  writers  state  that  Daviel  cut  two-thirds  of  the  corneal  circumfer- 
ence.   Daviel,  however,  states  "only  a  little  more  than  half." 

The  idea  of  this  new  method  was  conceived  in  1745;  for  at  that  time  he 
extracted  a  cataract  which  was  still  in  position  behind  the  iris  and  still  enclosed 
within  its  capsule.  But  since  he  emphatically  states  that  on  his  trip  to  Mann- 
heim he  made  up  his  mind  in  the  future  to  employ  exclusively  this  new 
method;  hence,  we  must  designate  the  year  1750  as.  the  true  year  in  which 
this  method  of  extraction  was  born.  During  this  year  the  new  idea  received 
Its  introduction  into  practical  existence. 

•  It  becomes  a  matter  of  special  interest,  as  can  be  seen  by  reviewing  Ver- 
male's  descriptions,  that  just  that  condition.  In  the  case  of  a  certain  Baron 
v.  Sickingen,  Lord  Steward  of  the  Elector,  Carl  Theodore,  which  lead  to  the 
painful  inflammt^tion  from  which  he  suffered  for  years,  as  the  result  of  recli- 
nation,  and  to  relieve  which  the  most  renowned  German  oculists  had  been 
called  from  long-distances,  was  only  relieved  after  Daviel  had  extracted  the 
lens,  which  had' again  risen  sup.  This  circumstance  finally  lead  Daviel  to  the 
determination  to  adopt  this  method  of  extraction,  and  it  is  this  danger  which 
arises  from  the  retention  of  a  cataract  within  the  eye,  which  in  our  day  has 
become  the  main  treason  for  our  almost  entirely  abandoning  this  operation  of 
reclinati6n.  • 

The  details  of  the  operation  have  naturally  been  greatly  changed  since 
Daviel's  time,  but  in  all  methods  of  extraction  the  main  idea  has  naturally 
been  retained. 

Daviel  employed  an  instrument  which  corresponds  to  the  bent  lance  in  use 
today,  and  with  this  he  incised  the  lower  edge  of  the  cornea,  and  widened  the 
wound  to  the  right  and  to  the  left,  either  by  using  two  blunt  knives  (aiguille 
mousse),  or  by  using  a  pair  of.  curved  scissors,  which  today  bear  Daviel's  name; 
so  that  about  the  lower  two-thirds  of  the  corneal. periphery  was  severed.  Daviel 
says:  "Et  Achevera  la  section  tant  d'un  cote  que  de  Tautre  afln  de  la  porter 
de  chaque  cote  un  pen  en  dessus  de  la  prunello."  Aside  from  this,  we  can  get 
this  Information  by  studying  his  Illustrations.  He  then  lifted  up  the  corneal 
flap  with  a  golden  spatula,  and  cut  the  anterior  capsule  with  a  sharp  pointed 
needle.  Finally,  In  order  that  the  lens  might  escape,  he  pressed  on  the  lower 
portion  of  the  globe. 

The  changes  and  improvements  which  the  method  of  Daviel  under- 
went refer  partially  to  the  instruments  used,  partly  to  the  size,  form  and 
seat  of  the  wound.- 

Just  as  we  find  it  true  in  general  surger}',  so  also  will  we  find  that  the 
cleaner  cut  the  incision,  the  greater  will  be  the  tendency  to  heal.  On  this 
principle  must  have  been  based  the  idea,  which  led  Poyet  and  Dr.  La  Faye 
to  use  an  insftrument  like  a  knife  in  cutting  the  cornea,  and  which  finally 
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led  to  the  construction  of  Beer's  cataract  knife,  which  is  to  be  considered 
a  great  step  toward  advancement.  By  means  of  Beer's  knife,  it  is  not  only 
possible,  but  it  is  customary,  to  make  a  complete  corneal  incision  by  a  single 
sweep  of  the  knife,  and  by  this  means,  in  the  great  majority  of  cases  it  is 
possible  to  get  a  surface  wound  which  lies  everywhere  on  an  equal  plane. 
For  the  same  reason,  the  use  of  a  Graefe's  scleratome  must  be  looked  upon 
as  a  step  backward,  since  it  is  only  possible  in  exceptional  cases  to  make  the 
entire  incision  by  a  single  pass  of  the  knife.  As  a  result,  the  surface  of 
the  wound  lies  in  different  planes,  and  may  even  be  jagged  or  step-like. 
If,  notwithstanding  all  this,  the  scleratome  has  received  greater  recognition, 
this  surely  must  be  due  to  other  circumstances;  more  especially  since  with 
it,  it  is  easier  to  make  a  conjunctival  flap. 

A  similar  view  has  been  promulgated  regufding  the  form  of  the  wound, 
which  during  the  first  hundred  years,  aside  from  the  reduction  of  the  in- 
cision, from  two-thirds  to  one-half  of  the  base  of  the  cornea  had  been  but 
slightly  changed,  whereas  since  1850,  especially  as  the  result  of  the  eflfortft 
of  Von  Graefe  and  his  pupils  this  has  been  materially  changed.  (III.,  1., 
p.  291).  The  peripheral  linear  incision  is  to  be  praised  as  an  advancement, 
owing  to  its  tendency  to  heal;' the  height  of  the  flap  is  lessened,  the  wound 
is  made  in  such  a  place  which  is  at  least  partially  permeated  by  blood  vessels, 
and  in  the  conjunctival  flap  was  attained  a  sort  of  provisional  bandage  and 
protection  against  infected  conjunctival  secretion.  However,  it  can  not  be 
denied  that  the  necessity  of  the  iridectomie  lengthens  the  time  of  the  opera- 
tion and  can  not  but  be  looked  upon  as  detrimental,  as  must  also  be  the 
12-15  mm.  in  length  wound  of  the  iris,  such  as  has  heretofore  been  made. 

Though  the  majority  of  operators  accept  the  wound  of  the  iris  as  a 
part  of  the  operation,  this  fact  does  not  settle  the  question  as  tq  whether 
the  wound  of  the  iris  is  of  a  more  trivial  nature,  than  the  distension  and 
squeezing  to  which  the  iris  is  subjected  when  a  flap  extraction  is  made 
without  an  iridectomie,  but  it  rather  points  to  the  fact,  that  in  the  old  flap 
extraction  it  is  more  difficult  to  cause  the  lens  to  come  out  of  a  corneal 
wound  of  the  proper  size,  where  the  capsule  of  the  lens  has  been  opened 
to  a  suflScient  extent,  and  where  all  superfluous  pressure  is  avoided  during 
the  delivery  of  the  lens,  and  at  the  same  time  cause  but  a  minimum  insult 
to  the  iris.  The  complicated  effect  of  a  large  iris  wound  can  be  overcome 
by  making  the  iridectomie  several  weeks  before  the  extraction.  (Mooren). 
Undoubtedly  the  extraction  wound  will  then  lie  partially  in  the  corneal 
cicatrix  of  the  iridectomie  incision.  Apriori,  one  would  imagine  that  here 
would  be  developed  a  condition  which  would  not  be  favorable  to  the  heal- 
ing process.  This,  however,  is  rebuted  by  the  results  obtained  by  numbers 
of  operators,  who  always  make  a  preliminary  iridectomie,  and  have  had  uni- 
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formly  good  results.  The  main  advantages  to  be  derived  from  a  prelim- 
inary irideetomie  previous  to  the  delivery  of  the  lens,  is  to  be  found  in  the 
ease  and  certainty  with  which  cataractous  remains  behind  the  iris  may  be 
completely  removed  from  the  eye  by  shoving,  stroking  and  pushing  maneu- 
vers; much  more  so  than  is  possible  with  a  coloboma  of  the  iris.  The  form 
of  the  crystalline  pearls  which  remain,  depends  largely  on  the  operative 
method  employed.  In  all  the  various  methods  mentioned,  in  the  most  suc- 
cessful cases,  all  that  can  take  place,  is  a  complete  evacuation  of  the  lens 
substance.  On  the  other  hand,  the  retention  of  the  capsule  in  the  eye 
makes  a  total  evacuation  of  cortical  remains  all  the  more  difficult.  Those 
portions  located'  in  the  equatorial  region  lie,  as  it  were,  in  a  pocket,  and 
although  they  may  get  in  the  area  of  the  coloboma  and  be  visible  to  the  naked 
eye,  they  can  not  be  removed,  notwithstanding  every  effort.  Hence  one 
can  comprehend  why,  since  Daviel's  time,  the  quest  for  an  operative  pro- 
cedure, by  means  of  which  it  would  become  possible  to  remove  a  cataract, 
together  with  its  capsule,  has  never  ceased.*  Pagenstecher,  following  this 
line  of  thought,  has  been  quite  successful.  It  becomes  self-evident  that 
if  a  method  should  ever  be  discovered,  by  means  of  which  it  would  become 
possible  ijr  ftVery  case  to  remove  a  cataract  in  its  capsule,  without  at  the 
same  time  more  seriously  inrjuriftg  the  eye  than  is  done  at  the  present  time, 
or  if  it  _8hould  ever  become  possible  to  perfect  our  powers  of  diagnosis  to 
such  degree  as  to  determine  if  it  would  be  possible  to  make  an  extraction  in 
the  capsule,  such  a  method  would  in  all  time  to  come,  take  first  rank  as  an 
operative  procedure  in  opthalmology. 

In  1886,  Prof.  Hirschberg,  of  Berlin,*  published  a  paper,  in  which 
he  describes  the  essential  differences  between  the  various  operations  and  the 
causes  which  led  up  to  their  use.  He  draws  attention,  as  does  also  Jacob- 
son,^®  to  the  jealousy  which  has  been  engendered  between  the  French  and 
the  German  oculists  as  to  the  relative  value  of  the  operations  introduced 
respectively  by  Daviel  and  Von  Graefe. 

Jacobson  states,  "In  order  that  I  may  add  something  to  the  history  of 
the  past  twenty-five  years,  I  will  tell  my  colleagues  what  the  attitude  of 
Von  Graefe  toward  Daviel's  extraction  was.  Forty  years  ago,  (1846),  when 
but  few  extractions  were  made  in  Berlin,  and  Junken,  as  the  knight  of  the 
needle,  dazzled  large  audiences  with  his  recital  of  the  surprising  indica- 
tions for  reclination,  depressio,  sublatio,  etc.,  the  teachings  of  the,  at  that 
time,  illustrious  artist,  did  not  impress  Von  Graefe  in  the  least.    After  he 

8  Graefe  Saemiscta,  Vol.  Ill,  p.  284. 

9  Uber  Staaroperationen.     Deutsche  Med.  Wochenschrif t,  p.  410. 

10  Ein  Motlvirtes  Urtheil  nber  Daviel's  liappen  Extraction   ond  Graefe's 
Linear  Extraction.  Von  Prof.  J.  Jacobson,  in  Konigsberg.  Graefe  Arch.  1886. 
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had  finished  his  studies  in  Paris,  Prague  and  Vienna,  he  began,  in  1854,  to 
teach,  what  to  him  seemed  the  only  justifiable  operation  for  senile  cataract, 
and  that  reclination  was  only  to  be  practiced  in  exceptional  cases,  as  where 
the  first  eye  had  been  lost  by  purulent  inflammation.  Jacobson  tells  us  that 
he  first  made  Von  Graefe's  acquaintance  at  a  time  when  he 
was  an  enthusiastic  foUow^er  of  the  French  method,  and  during  which 
time  recUnation  was  still  being  actively  employed  in  Paris  and  in  the 
Austrian  Universities.  He  devoted  the  greatest  care  to  the  preparatory 
treatment,  the  various  forms  of  dressing,  and  to  the  after-treatment,  but  he 
tried  everything  in  vain.  That,  which  his  teachers  experienced,  he  was 
not  spared,  about  10  per  cent,  of  his  cases  were  lost  as  the  result  of  corneal 
ulceration.  From  that  time  on,  his  every  endeavor  was  to  prevent  suppura- 
tion:' 

Hirschberg  tells  us,  that  the  original  Daviel  incision,  made  in  the  first 
half  of  the  present  century,  was  a  lower  half-circular  incision  made  in  the 
corneal  tissue,  close  to  its  margin.  (According  to  Richter,  one-half;  Beer, 
one-eighth;  Arlt,  one-half  mm.  from  the  limbus;  whereas  Young^s  incision 
was  a  good  2  mm.  from  the  corneal  margin,  hence  the  opening  was  often 
too  small,  and  at  times  he  failed  to  deliver  the  lens).  ♦« 

We  are  indebted  to  the  illustrious  men,  Beranger,  Wenzel^  G.  A. 
Richter,  and  Beer,  for  the  perfection  of  the  flap  operation,  which  today,  as 
the  classical,  is  compared  with  the  so-called  Von  Graefe,  or  modem,  opera- 
tion. As  a  fact,  a  perfect  flap  extraction  belongs  to  the  most  beautiful 
surgical  procedures.  The  cicatrix  is  scarcely  visible  to  the  naked  eye, 
scarcely  more  noticeable  than  the  ordinary  senile  change.  The  pupil  is 
round,  and  reacts;  at  most,  the  iris  may  be  somewhat  displaced  backward, 
owing  to  the  absence  of  the  lens,  and  by  the  use  of  proper  cataract  glasses, 
vision  is  excellent.  But  this  ideal  result  was  attained  in  but  50  per  cent, 
of  cases,  and  even  in  the  hands  of  the  best  operators,  purulent  destruction 
followed  in  at  least  10  per  cent,  of  cases.  Still  no  one  dared  to  make  the 
incision  smaller.  This  had  long  been  looked  upon  as  a  great  mistake 
and  source  of  loss.  At  this  time,  Graefe  appeared  upon  the  scene.  After 
a  series  of  attempts  made  by  himself  and  his  pupils,  especially  Mooren,  in 
Dusseldorf,  Von  Graefe  introduced  the  preparatory  iridectomie  in  1864, 
and  Mooren  reduced  his  percentage  of  losses  from  11  per  cent,  down  to  3^ 
per  cent.  In  1863,  Jacobson,  of  Konigsberg,  made  his  incision  in  the  sclero- 
eomeal  margin,  to  which  he  now  added  the  iridectomie  under  deep  chloro- 
form narcosis,  and  thus,  in  100  cases,  reduced  his  losses  from  10  per  cent, 
down  to  2  per  cent.  In  1864,  Bowman  and  Critchett,  of  London,  accepted 
Graefe's  modified  linear  extraction,  (incision  with  a  lance  knife,  above;  ex- 
cision of  iris,  and  delivery  of  the  lens  with  a  spoon),  and,  finally,  in  1866, 
Ton  Graefe  published  his  "Peripheral  Linear  Incision"  which  was  looked 
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upon  as  a  great  triumph,  and  won  the  admiration  of  the  opthalmologist^s 
of  the  entire  world.  "I  shall  never  forget  how,  in  18(57,  opthalmologists 
from  every  part  of  the  ei\'ilized  world  flocked  to  Berlin,  to  see  with  their 
own  eyes  this  new  method.  The  Opthalmologieal  Congress  at  Paris  in 
1867,  and  Heidelberg  in  1868,  brought  endless  words  of  praise  from  Arlt, 
Knapp,  Kothmund,  Horing,  Nagel,  Horner,  Critchett,  Soelberg- Wells,  Ed. 
Meyer,  Wecker,  and,  v/hat  seems  more  especially  noteworthy,  from  Mooren, 
and  Jacobson,  (Arch.  f.  Opth.,  XIV.,  1868),  who  preferred  this  operation 
to  his  own." 

Albrecht  Von  Graefe  struck  the  proper  chord,  when  he  attempted  to 
prevent  the  unnecessary  gaping  of  the  corneal  wound.  He  asked  himself, 
what,  in  the  eye,  is  the  analogous  condition  to  a  linear  incision,  and  he  rec- 
ognized the  fact,  that  on  a  globe  the  shortest  distance  between  two  points 
is  along  a  segment  of  the  greater  circle  of  a  sphere,  and  he  accomplished 
this  by  the  narrow  knife  devised  by  himself.  This  incision  just  cut  the 
upper  corneal  margin.  It  was  a  linear  incision  4^  mm.  long,  to  cover  which 
he  also  cut  a  narrow  strip  of  ocular  conjunctiva;  he  then  exercised  a  sector 
of  the  iris,  opened  the  capsule  with  a  small  Qurved  cystitome,  and  he  re- 
moved the  lefl«  by  soft  massage  from  without,  made  by  means  of  a  rubber 
spoon  on  the  lower  edge  of  the-^eornea.  This  operation,  as  a  rule,  was  done 
without  an  anaesthetic;  the  four  acts  of  the  operation  being  done  while  the 
eyeball  was  fixed.    At  times  the  English  speculum  was  used. 

It  can  not  be  denied,  that  this  operation  reduced  the  percentage  of 
losses  from  10  per  cent,  to  5  per  cent.,  and  losses  by  suppuration  were  re- 
duced to  2-3  per  cent. 

A.  V.  Graefe,  in  869  extractions  had  8.8  per  cent.  loss. 
Mooren,  in  102  extractions  had  2.9  per  cent.  loss. 
Knapp,  in  200  extractions  had  2.0  per  cent.  loss. 
Arlt,  in  217  extractions  had  6.6  per  cent  loss. 
Arlt,  1866-78,  in  1076  extractions  had  6.6  per  cent  loss. 
Arlt,  1874-81,  in  1647  extractions  had  2.06  per  cent.  loss. 
Homer,  in  100  extractions  had  8.0  per  cent.  loss. 
Rothmund,  in  186  extractions  had  8.8  per  cent.  loss. 
Rothmund,  186&-88,  in  1420  extractions  had  4.2  per  cent.  loss. 

Possibly,  the  only  one  who  did  not  follow  the  new  operation  was  Has- 
ner,  of  Prague.  He  had  an  exceedingly  large  experience — 6-7,000  extrac- 
tions— and  he  always  made  the  half-circle  incision. 

(Nagki,'s  Berichtr.) 

1868 — 106  flap  extractions,  only  4  per  cent  loss. 

1877—188  flap  extractions,  121  good  results,  12  medium,  8.6  per  cent.  loss. 

1879 — 181  flap  extractions,  85.6  percent,  good  results,  10.7  per  cent,  medium,  8.8 
per  cent.  loss. 

1880 — 110  flap  extractions,  86.4  per  cent,  good  results,  9.9  per  cent,  medium,  6.56 
per  cent.  loss. 
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"But  scarcely  was  the  lion  dead,  than  an  opposition  developed,  which 

formerly  did  not  possess  the  courage  to  assert  itself.    Ten  years  after  the 

introduction  of  the  Von  Graefe  method  the  statement  is  made,  that  noihine 

remains  lut  the  knife" 

•Graefe's  life  has  borne  fruit  to  the  cataract  operation,  and  certainly 
has  led  to  the  development  of  new  ideas.  His  metliod  reduced  the  percent- 
age of  losses,  even  in  the  hands  of  those  who  have  since  changed  his  tech- 
nique. His  influence  may  be  compared  to  that  of  Lister,  whose  fame  will 
live  on,  long  after  his  ideas  have  been  set  aside  by  the  advancement  of 
science.  True,  time  has  shown  that  the  principle  of  the  linear  incision  is 
not  as  essential  as  Von  Graefe  originally  thought.  Where  not  accurately 
made,  the  linear  incision  is  often  too  small,  and  places  diflSculties  in  the 
way  of  the  delivery  of  the  lens,  and  leads  to  escape  of  vitreous.  In  the 
hands  of  a  novice  the  linear  incision  may  be  too  peripheric,  and  as  a  con- 
sequence leads  to  cicatrization  of  the  iris  in  the  wound,  and  this  to  sympa- 
thetic opthalmia — an  almost  unheard-of  complication  during  the  time  of 
the  classical  flap  operation. 

The  new  method  had  the  advantage,  that  the  lens  no  longer  had  to  be 
forced  through  a  small — in  old  people,  often  rigid — sphincter,  which  can 
scarcely  be  dilated,  lond  which  now  could  easily  come  forward  through  the 
slit  in  the  iris^and,  further,  that  cortical  remains  could  easily  be  removed 
by  simple  massage  without  going  into  the  eye  with  a  spoon. 

And  thus  a  sort  of  compromise  procedure  has  developed,  which  bears 
the  name  of  no  operator,  which  is  verj'  like  the  Graefe  procedure;  has  ac- 
cepted all  its  advantages,  and  tries  to  avoid  all  the  recognized  dangers,  and 
has  received  the  name  of  the  one-third  circumference  incision}^  The  incision 
should  always  be  of  suflScient  size  to  permit  the  largest  lens  system,  though 
it  be  hard,  to  pass  easily.  This  can  be  done  where  the  incision  equals  one- 
third  of  the  corneal  circumference.  In  the  centre  of  the  incision  a  section  of 
the  iris  is  removed,  then  the  cystotomie  and  delivery  of  the  lens  follows  by 
simply  applying  moderate  pressure  to  the  lower  part  of  the  cornea. 

Jacobson  (cited  above)  sums  up  the  subject  with  the  statement  that  a 
great  many  opthalmologists  have  gone  over  from  the  Graefe  operation  to 
the  peripheric  flap  incision  in  the  corneal  margin — but  not  to  the  Daviel  flap. 
So  that  the  incision  is  the  one  originall  suggested  by  Jacobson  in  1863.  He 
S'tates:  "^4  large  incision  in  the  sclero-corneal  margin  heals  better  than  a 
DavieVs  flap  or  the  so-called  forneal  linear  incision. 

11  (1)  De  Wecker— Annales  d  Oculistlque,  1884,  92.  p.  207,  aod  3885,  p.  29. 
(2)  Hlrschberg's  Deutsche  Zeltschrlft  fur  Prak.  Med.  1887.  Beitrag  zur  Augen- 
heilkonde  Heft,  III,  1878,  p.  77. 
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Jacobson  summarizes  the  value  of  both  Von  Graef  e's  and  Daviel's  work, 
as  follows: 

"It  will  always  remain  as  the  undeniable  work  of  Von  Graefe,  that  he 
did  not,  as  most  of  his  predecessors,  content  himself  with  attempts 
to  stop  suppuration  of  the  cornea,  but  after  long  and  systematic  attempts, 
became  the  originator  of  a  new  method  of  extraction,  in  which  the  dangers 
of  wound  infection  were  reduced  to  a  minimum.  Though  the  theoretical 
premises  may  have  been  ever  so  wrong,  still,  as  a  result  of  this  method  of 
extraction,  losses  by  suppuration  were  reduced  from  10  and  12  per  cent, 
down  to  3  and  4  per  cent.,  and  poor  results  from  10  or  15  per  cent,  to  about 
6  per  cent." 

"To  Daviel  belongs  the  honor  of  having  devised  the  bold  procedure,  by 
means  of  which  all  the  forms  of  later  times  have  been  made  possible,  and 
which  totally  set  aside  reclination,  depression,  an(Lsijiuto-«wtlTocfe,  which 
in  their  old  form  will  never  return.  It  is  not  the  great  practical  service 
of  having  reduced  the  25  per  cent,  of  losses  down  to  10  or  12  per  cent., 
which  will  make  Daviel's  name  immortal  in  the  history  of  our  science,  but 
rather  his  clear  insight,  which  showed  him  the  way  to  the  only  safe  means 
of  extracting  the  cataract  from  the  eye,  and  to  a  perfect  method  of  healing. 
His  boldness,  which  permitted  him  to  make  such  an  extended  separation  of 
the  cornea  without  fear  of  injury  to  the  eye,  his  great  surgical  genius,  which 
lead  him  to  devise  from  its  very  beginning  the  complicated  technique  of 
this  operation,  all  pronounce  him  the  father  of  this  operation,  whereas  to 
Von  Graefe  belongs  the  credit  of  having  removed  its  most  serious  dangers 
by  means  of  his  new  operation." 

C. 
DISCISSIO  CATARACTAE.    BROIMENT  DE  LA  CATARACTE. 

DISCISSIO  CATARACTAE  PER  KERATONYXIM  AUT  PER  SCLER- 

OTICONYXIM. 

Where  a  discission  is  made,  (discissio  capsulae  lentis,  incising  of  the 
capsule),  the  intention  is,  by  means  of  a  needle,  which  is  pushed  through 
the  cornea  or  sclera,  to  open  the  anterior,  also  the  posterior  capsule,  so  as 
to  bring  the  lens  substance  in  direct  contact  with  the  aqueous  humor,  or 
the  vitreous,  so  that  it  may  be  absorbed,  and  also  that  the  anterior  capsule 
may  draw  back  out  of  the  pupillary  area. 

"Discission  is  tlie  latest  of  the  three  principal  cataract  operations.  It  is 
also,  so  to  say,  a  daughter  of  depression.  Among  the  writings  of  the  ancients 
(Galenus,  de  Methodis  Medendi,  XIV,  edition  Kuhn,  torn.  X,  p.  1019),  we  find 
but  a  single  passage  which  seems  to  refer  to  this  operation  of  discission.    The 
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translation  of  this  passage,  wbicli  Anagnostakis  (1238)  made,  seems  to  have  been 
made  with  a  purpose.  Learned  philologists  whom  I  have  consulted  regard- 
ing this  passage  are  not  at  all  satisfied  with  his  translation.  The  whole  matter 
appears  to  have  reduced  itself  to  this,  namely;  and  this  we  also  know  from 
other  sources,  that  the  ancients  did  puncture  the  corneH.  Since  all  the  more 
exact  points  of  differential  diagnosis  were  wanting  for  all  those  diseases  which 
lead  to  a  cloudiness  posterior  to  the  pupil,  to  adhesions  and  indistinctness  of 
the  same,  I  am  no  longer  in  doubt,  after  a  somewhat  thorough  inyestigation  of 
the  literature  that  the  great  confusion  which  existed  concerning  these  named 
processes,  was  the  result  of  the  continual  confounding  of  glaucoma,  occlusion 
of  the  pupil,  and  hypopyon,  one  with  another.  To  say  the  least,  it  would  be 
exceedingly  strange  if  discission  had  been  known  to  Galen,  and  that  the  knowl- 
edge of  this  would  have  been  completely  lost  again  for  hundreds  of  years." 

It  must  certainly  have  occurred  frequently  during  the  act  of  making 
a;  depression;  and,  in  fact,  it  must  of  necessity  have  occurred  in  all 
cases  of  cataract,  that  large  portions  of  the  same  strayed  into  the  pupillary 
area  and  protruded  into  the  anterior  chamber,  or  remained  in  the  patellar 
fossa  or  in  the  vitreous  itself.  Even  in  Malgaigne's  time,  where  contro- 
versies concerning  the  existence  of  capsular  cataract  were  going  on,  such 
remains  of  lens  substance  were  looked  upon  as  pieces  of  thickened  capsule. 
But  from  these  numerous  clinical  histories,  in  which  we  find  such  accurate 
deseriptionfl  of  how  these  capsuks  were  gradually  absorbed,  it  follows,  thai 
they  could  only  have  been  remain^  of  lens  substance.  Henkel  (1770)  was 
the  first,  to  whom  this  common  occurrence  suggested  the  founding  of  a 
new  operative  procedure.  The  statements  ofPercival  Pott  (1781)  are  much 
more  exact.  He  stuck  a  needle  through  the  sclerotic;  with  this  he  im- 
paled the  lens,  and  tried  by  repeatedly  turning  the  instrument  to  destroy, 
as  much  as  possible,  the  capsule  and  the  lens,  so  as  to  prepare  it  for  resorp- 
tion. This  new  method  found  many  followers,  especially  among  Pott's 
countrymen.  Hey,  Saunders,  Adams;  and  by  the  latter  was  inl^)roved.  The 
Englishmen,  and  not  without  right,  claim  the  honor  of  inventing  this 
method  of  breaking  up  the  lens  through  the  sclerotic.  However,  if  we 
acknowledge  Pott  as  the  founder  of  this  method,  this  is  not  exactly  cor- 
rect, since  when  we  use  the  word  '^discission"  today  it  also  carries  with  it 
the  thought  of  keratonyxis;  and,  furthermore,  the  expression,  '^discissio 
cataractaey  as  can  be  proven,  was  not  used  until  1824.  Hence,  Pott's  opera- 
tion should  be  designated  as  a  breaking  into  pieces,  {^'dislaceratio*^),  if  we 
do  not  wish  to  take  up  Himly's  suggestion,  which  will  be  referred  to  again.'' 
"Discission  through  the  cornea  (keratonyxis  cum  discisaio  cataractae)  is  even 
of  later  date.  This  likewise  has  its  previous  history.  Wenzel  and  Gleize,  in 
their  writings,  state  that  cataracts  after  the  opening  of  their  capsules  have 
been  gradually  resorbed  in  the  anterior  chamber.    Conrad i  and  Beer  attempted 
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to  cut  the  anterior  capsule  in  a  methodical  manner.  Their  results,  possibly 
due  to  a  lack  of  method,  were  not  favorable,  and  they  gave  it  up  again.  In 
1806  Buchhorn  published  the  results  of  experiments  made  by  him,  at  the  insti- 
gation of  his  teacher  Reil,  in  which  he  incised  the  anterior  capsule  of  the  lens 
through  to  cornea  (here  originates  the  word  Iceratonyxis),  in  the  eyes  of  corpses ' 
and  animals. 

"Langenbeck,  to  whom  he  sent  a  copy  of  his  dissertation,  then  carried  out 
in  operative  practice,  keratonyxis;  that  is,  incising  through  the  cornea  and  the 
capsule  of  the  lens.  Of  all  the  innumerable  writings  with  which  literature  is 
replete  concerning  this  operation  of  keratonyxis,  it  is  only  necessary  to  men- 
tion here  the  dissertation  of  Hulverding  (Wien,  1824),  because  it  was  through 
him  that  the  word  discissio  (it  is  to  be  written  with  two  ss,  not  one.  It  is  de- 
rived from  discindere,  to  split  up,  to  tear  to  pieces),  was  introduced  into  opthal- 
mology.  However,  we  must  not  lose  sight  of  the  fact,  that  as  far  as  Buchhorn 
and  Langenbeck  were  concerned,  they  did  not  in  the  beginning  look  upmi  it  as  a 
new  method  by  which  without  injury  to  the  posterior  capsule,  the  contents  of  the 
capsule,  was  by  means  of  the  aqueous  to  be  resorbed,  but  they  rather  looked  upon 
It  as  a  new  method  in  which,by  means  of  a  corneal  puncture, the  lens  could  either 
be  depressed,  as  was  done  by  Celsius,  or  be  broken  up,  as  was  done  by  Pott. 
Only  gradually,  without  any  particular  person  being  deserving  of  the  honor,  out 
of  this  suggestion  of  Buchhorn,  the  di^cissio  cataractae  8.  capsulae  lentiSy  as  we 
know  it  today,  was  evolved.  It  would  not  be  out  of  place  to  accept  Himly's 
suggestion,  and  use  synonymously  with  our  discissio,  punetio  capsuUiris,  the 
word  disliiceratio  with  discissio.  .One  can  hardly  refrain  from  expressing  the 
greatest  astonishment  that  it  should  have  taken  so  long  to  come  upon  a  method 
which  we  so  frequently  see  clinically  exemplified  in  cases  of  Injury,  following 
which  the  lens  is  absorbed. 

One  must  not  fail  to  supplement  the  above  by  the  suction  methods  a 
method  which  Sichel  shows  us,  was  known  to  the  ancients,  and  states  that 
the  Arabs  learned  it  from  the  Persians.  In  our  time,  it  has  been  re-invented 
by  Laugier,  and,  as  literature  attests,  is  practiced  today.  By  means  of  a 
trocar,  which  is  pushed  through  the  cornea  into  the  lens,  the  soft  and  fluid 
portions  of  the  lens  may  be  aspirated  through  a  canula,  and  thus  an  entire 
cataract  may  be  removed  from  the  eye,  just  as  where  an  extraction  is  made. 
Taking  into  consideration  the  manner  of  procedure,  and  the  size  of  the 
wound,  this  method  approaches  that  of  discission.  Since  today  we  are  in 
a  position  in  most  cases  to  diagnosticate  a  soft  cataract,  it  is  to  be  supposed 
that  this  method  will  remain  in  use  for  special  cases. 
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CHAPTER  III. 

THE  PROCEDURES  AND  CHANGES  IN  THE  EYE  DURING  AND 
SUBSEQUENT  TO  CATARACT  OPERATIONS. 

In  order  that  we  may  understand,  and  become  fully  acquainted  with 
the  injuries  which  an  eye  necessarily  receives  while  undergoing  a  cataract 
operation,  and  that  we  may  become  familiar  with  those  sequelae  which  do 
follow,  and  others  which,  under  certain  conditions,  are  sure  to  be  added,  we 
may  follow  a  variety  of  plans.  Where  one  possesses  an  accurate  knowledge 
of  the  anatomy  of  the  eye,  and  of  the  operative  procedures,  though  he  may 
have  no  clinical  experience,  he  certainly  can  attain  a  very  clear  theoretical 
conception  of  all  these  procedures.  Thus,  in  1732,  Frances  Petit,  in  his 
published  "ReflexiouB,^^  exerted  an  influence  on  practical  opthalmology,  in 
that  among  other  things  he  showed  that  the  iris  is  not  vaulted,  as  it  appears 
to  be  when  seen  through  the  cornea. 

The  physician  finds  a  second  method  of  observation  in  watching  the 
healing  process  of  the  operated  eye.  For  this,  we  are  indebted  to  Von 
Jacobson,  who  did  this  in  a  methodical  manner,  beginning  with  the  first 
hour  after  the  operation.  His  writings  concerning  this  matter  are  truly 
classical. 

Finally,  here,  just  as  in  General  Medicine,  the  study  of  the  pathological 
anatomy — that  is,  the  anatomical  examination  of  eyes  which  had  been 
operated  on  for  cataract — teaches  us  the  reasons  for  our  clinical  observa- 
tions, and  assists  us  in  drawing  conclusions,  by  means  of  which  the  ill 
results  may  in  the  future  be  avoided  or  controlled.  Both  branches  of  path- 
ological anatomy  are  here  of  equal  importance;  the  experimental,  as  well 
as  the  descriptive  pathological  anatomy. 

Along  these  three  lines,  all  these  processes  which  occur  in  eyes  which 
have  been  operated  for  cataract  shall  be  studied  and  enumerated,  going 
over,  first,  briefly,  the  methods  of  healing  and  the  sequelae,  as  observed  in 
reclination  and  discission.  But,  since  reclination  is  but  little  practiced  at 
the  present  day;  hence  our  personal  observations  are  but  limited.  Many 
of  the  evil  sequelae  of  discission  fall  in  the  same  category  with  those  of 
reclination;  in  part  they  lead  to  the  same  final  results,  as  have  been  ob- 
served when  a  large  portion  of  lens  substance  remains  after  a  cataract  ex- 
traction. In  fact,  as  we  shall  see  further  along,  there  are  certain  clinical 
pictures  which  develop  in  almost  exactly  the  same  manner,  no  matter  which 
method  is  practiced.  Owing  to  their  great  importance,  the  attempt  will  be 
made  to  give. an  exhaustive  account  of  our  present  position  and  knowledge 
of  the  changes  which  take  place  subsequent  to  a  cataract  operation. 

First  of  all,  the  reader  is  reminded  of  the  far-reaching  and  beneficial 
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effects  which  the  study  of  bacteriology  has  had,  not  only  on  general  sur- 
gery, but  also  on  this  particular  branch  of  the  same.  In  no  other  depart- 
ment is  such  painstaking  care  requisite  to  prevent  infection.  Not  only 
must  the  eye  and  its  adnexa  be  absolutely  free  of  infection  before  an  opera- 
tion is  undertaken,  but  the  same  care  and  attention  must  be  given  to  the 
instruments,  the  bandage  ahd  the  eye  water  used  during  and  after  the 
operation  and  during  ihe  processes  of  healing.  Truly,  to  prevent  infection, 
here,  if  anywhere,  the  price  of  success  is  eternal  vigilance.  This  one  factor, 
^Hnfection"  is  responsible  for  more  poor  results  than  all  the  others  com- 
bined, and  its  occurrence  will  explain  many  of  the  pathological  conditions 
to  be  enumerated.  He  who  will  read  between  the  lines,  will,  in  the  follow- 
ing pages,  note  the  effect  of  infection. 


KECLINATION. 

The  operative  procedures,  by  means  of  which  a  displacement  of  the 
lens  is  purposely  and  skillfully  brought  about,  differ  from  each  other,  as 
we  have  seen,  in  more  ways  than  one,  depending  on  whether  the  needle- 
like instrument  which  we  employ  is  pushed  through  the  cornea,  or  the 
sclera,  and  also  upon  the  position  in  the  eye,  into  which  the  cataract  is  to  be 
brought.  The  thrust  wound  through  the  cornea  which  is  made  in  kera- 
tonyxis  is,  as  a  rule,  followed  by  but  slight  consequences;  but,  nevertheless, 
we  meet  with  cases  in  which  the  reaction  has  been  very  great,  and  the 
operation  followed  by  iritis  and  cychtis.  If  the  needle  is  poorly  con- 
structed, so  that  during  the  operation  the  aqueous  is  evacuated,  there  will 
be  added  to  the  injury  of  the  eye,  which  must  necessarily  take  place  during 
the  act  of  tilting  the  lens  over,  an  entire  transposition,  equal  to  the  depth 
of  the  anterior  chamber,  of  the  contents  of  the  eyeball,  and  this  transposi- 
tion, during  discission,  not  infrequently  complicates  the  surgical  procedure 
in  a  most  detrimental  manner;  however,  during  extraction,  this  can  never 
be  avoided. 

In  making  a  sclerotonyxis,  the  needle  wounds  the  conjunctiva,  the 
sheath  of  the  imiscle,  rectus^  externum,  or  tlie  muscle  itself;  the 
sclerotic,  the  choroid,  and  the  ciliary  portion  of  the  retina.  It  then  reaches 
the  vitreous,  and  then  the  danger  arises  of  puncturing  one  of  the  ciliary 
processes,  and  finally  it  passes  through  the  zonula  zinii.  Thereupon,  it 
either  enters  the  lens  behind  the  aequator  and  leaves  it  again  in  the 
periphery  of  the  anterior  capsule,  and  finally  comes  in  contact  with  the  iris; 
or,  without  touching  it,  makes  its  appearance  in  the  pupil,  with  its  surface 
in  contact  with  the  anterior  capsule,  (Willburg,  Scarpa);  or  it  grasps  the 
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lens  at  its  upper  edge,  in  order  to  depress  it,  in  which  an  injury  to  the  lens 
before  the  act,  is  not  always  necessary.     (Celsius).     Hence  the  injury,  on 
making  a  sclerotonyxis;  the  simple  puncture  with  the  needle,  is  a  more 
serious  procedure,  and  diflfers  further  from  the  keratonyxis,  in  that  the 
channel  of  the  wound  through  vascular  tissues  and  the  possibility  of  punc- 
turing a  choroidal  vessel  (Celsius),  or  a  ciliary  process  exists,  and  of  thus 
causing  an  internal  hemorrhage.    Nevertheless,  experience  has  taught,  that 
even  this  method  of  puncture  is  frequently  tolerated  without  evil  conse- 
quences.    Where,  after  reclination  in  any  particular  case,  inflammatory 
symptoms  develop,  we  are  not  able  to  exclude  the  fact,  that  the  peculiar 
nature  of  the  channel  of  the  puncture  is  in  all  probability  responsible  for 
the  trouble.    (Infection,)    Arlt  (operations  lehre,  p.  255)  considers  it  as  the 
usual  occurrence,  where  we  operate  after  Scarpa,  that  the  needle  passes 
thrcugli  the  edge  of  the  lens  and  the  anterior  capsule,  and  on  raising  the 
handle  of  the  instrument,  the  anterior  capsule  bursts;  and  if  the  cataract  is 
hard  enough,  it  will  be  forced  into  the  vitreous  through  the  previously 
torn  posterior  capsule.     Hence,  in  making  a  dislocation  of  the  lens,  we 
either  cause  a  rupture  of  the  posterior  and  anterior  capsule;  or,  at  times,  a 
parti  .il,  at  times,  a  complete  detachment  of  the  lens  in  its  capsule  from  the 
zonula  zinii;  with  or  without  at  the  same  time  injuring  the  capsule.    Hence 
the  hyaloidea  in  the  hollow  groove  of  the  vitreous  must  be  torn,  and  the 
tissue  of  the  vitreous  forced  asunder,  in  order  to  permit  of  the  lens  occu- 
pying a  certain  amount  of  space.    In  which  part  of  the  vitreous  the  lens 
will  finally  come  to  rest,  and  the  manner  in  which  its  surface  will  lie,  de- 
pends on  the  method  pursued. 

It  stands  to  reason,  that  it  is  impossible  for  the  capsule  to  be  tora,  or 
for  tbe.lens  to  become  detached  from  the"  zonula  «inii,  or  for  the  hyaloidea 
to  be  ruptured  without  at  the  time  exerting  a  certain  amount  of  traction 
on  the  corpus  ciliare  and  the  parse  ciharis  retinae.  The  force  and  influ- 
ence which  the  traction  will  exert  on  the  future  welfare  of  the  case  depends 
partially  on  the  certainty  and  the  delicacy  with  which  the  operation  is  made, 
end  partly  also  on  the  intimacy  which  exists  between  the  lens  and  its  sus- 
pensory ligament.  As  we  have  already  seen,  this  connection  becomes  looser 
.IS  age  advances;  more  particularly  so,  where  a  shrinking  capsular  cataract 
has  developed.  The  performance  of  the  operation  and  the  nature  of  the 
cataract,  influence  the  extent  of  the  iijjur}'  which  the  vitreous  must  re- 
ceive. There  will  be  but  slight  resistance  to  the  dislocation  of  a  hard, 
shrunken  lens,  whereas  the  traction  on  the  ciliary  body  will  certainly  be 
greater,  where  a  cataract  is  but  partially  cloudy,  or  where  the  cataract  is 
£oft.  When  the  entire  lens  system  has  been  reclinated,  there  is  less  danger 
for  it  to  mount  up  again,  whereas  in  cataracts  which  have  a  less  tough  con- 
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si&tence,  the  capsule  is  torn  in  the  greatest  variety  of  ways,  and  a  portion 
of  its  shreds  will  remain  in  connection  with  the  reclinated  lens.  On  this 
account,  in  the  latter  cases,  the  reclinated  cataract  more  frequently  mounts 
up  again,  thus  necessitating  a  repetition  of  the  steps  of  reclination,  and 
thereby  increasing  the  injury  to  and  destruction  of  the  vitreous.  The 
result  of  the  operation  depends  greatly  on  the  consistence  of  the  vitreous. 
If  it  is  normal,  it  will  naturally  offer  greater  resistance  to  the  sinking  of 
the  cataract;  but,  at  the  same  time,  if  the  foreign  body  has  once  been  taken 
up,  it  will  be  held  all  the  firmer,  since  both  its  point  of  entrance  and 
the  channel  which  it  made  for  itself  will  close  up  and  heal  all  the  sooner. 
A  fluid  vitreous  will  offer  but  little  resistance  to  the  cataract,  as  we  see  it 
in  cases  of  spontaneous  luxation  of  the  lens,  but  on  the  other  hand  it  will 
offer  no  resistance  to  the  independent  movements  which  the  foreign  body 
may  make.  As  we  shall  see  further  on,  fluidity  of  the  vitreous  may  be  a 
result  of  reclination,  hence  this  will  explain  how  it  happens,  that  cataracts 
which  have  not  been  fully  resorbed  may  after  many  years  spontaneously 
mount  up  again. 

Further,  it  depends  on  the  nature  of  the  cataract,  especially  its  con- 
sistency, whether  it  will  be  necessary  to  go  through  the  movements  of 
reclination  a  number  of  times,  and  it  depends  largely  on  the  factor  whether 
or  not  the  lens  will  be  depressed  in  the  vitreous  as  a  single  mass,  or  divided 
into  a  number  of  pieces.  This  certainly  must  exert  an  influence  on  the 
pathological  processes  which  take  place  in  the  eye  after  an  operation.  From 
that  which  has  been  said,  it  must  become  evident,  that  in  this  method  of 
operating  more  than  in  any  other  which  we  will  consider,  great  differences 
will  be  found  in  the  results,  even  of  operations  which  have  been  most  suc- 
cessfully executed.  (Stellwag,  1.  c,  p.  771).  In  considering  the  processes 
of  healing,  it  does  not  sufl&ce  to  eliminate  the  operative  procedure;  but, 
owing  to  the  reaction  of  the  lens  in  the  eye,  pathological  conditions  are 
produced  which  under  certain  conditions  may  require  weeks,  months  and 
even  years  to  subside.  The  dislocated  lens  is  to  be  looked  upon  as  a  foreign 
body  which  possesses  the  peculiarity  that  it  may  be  dissolved  and  absorbed, 
and  this  pathological  condition  may  only  be  looked  upon  as  ended  when  the 
above  conditions  have  been  fulfilled.  But  since  in  these  cases  such  a  complete 
resorption  never  takes  place,  hence  just  such  eyes  never  become  free  of  this 
diseased  condition. 

If,  by  means  of  these  lever-like  movements,  the  lens  is  successfully  re- 
moved from  the  pupillary  area,  so  that  it  does  not  mount  up  again,  and  no 
signs  of  reaction  follow,  one  might  almost  say  that  the  immediate  result 
of  the  operative  procedure  is  wonderful.  Truly,  one  must  have  been  pres- 
ent and  witnessed  such  a  procedure — something  which  is  hardly  vouchsafed 
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the  younger  generation  of  oculists — to  form  any  idea  of  the  impres&ion 
which  the  suddenly-attained  hlack  pupil  makes,  and  to  witness  the  radiant 
joy  of  the  patient  who  has  had  his  sight  suddenly  restored  to  him.  And,  in 
fact,  such  cases  were  not  of  infrequent  occurrence. 

A  reclination  which  is  made  without  a  mishap  is  often  followed  by 
no  reaction  whatever.  The  eye  remains  perfectly  pale,  the  lens  does  not 
mount  up  again,  and  in  the  course  of  a  week  the  patient  is  permitted  to 
use  his  eye.  In  other  cases  the  conjunctiva  becomes  reddened,  the  eye  irri- 
table to  light  and  tears  a  few  days;  this,  however,  soon  subsides,  and  the 
use  of  the  eye  is  delayed  a  few  days. 

If  ciliary  injection  sets  in,  one  must  decide  if  this  is  partial,  or  if  the 
entire  cornea  is  encircled.  Even  in  the  first  condition,  the  conjunctiva  be- 
gins to  swell  up;  there  is  considerable  secretion,  the  iris  becomes  discolored, 
vascularization  becomes  distinct  and  leads  to  exudation.  After  a  time  this 
abates,  leaving  a  few  synechia.  After  all  these  inflammatory  symptoms 
cease,  we  find  the  pupil  drawn  in  the  direction  in  which  the  lens  was  re- 
clinated,  and  a  secondary  cataract  of  greater  or  less  thickness  can  be  seen. 
The  usefulness  of  the  eye  will  depend  on  the  thickness  of  this  latter  cata- 
ract. 

If  the  ciliary  injection  is  not  restricted  to  th?  neighborhood  of  the 
point  of  puncture,  the  conjunctiva  will  become  chemotic,  iritis  develops, 
and  one  can  discern  through  the  pupil  that  the  capsule  is  involved  in  the 
inflammatory  process.  This  disease  lasts  longer,  and  not  infrequently  leads 
to  total  occlusion  of  the  pupil.  How  much  of  a  result  can  be  obtained  by 
a  subsequent  operation  in  such  a  case,  to  increase  vision,  I  can  not  state 
from  personal  observation,  nor  have  I  been  able  to  fijid  any  reports  in  liter- 
ature. It  appears  that  the  so-called  subsequent  operations  have  but  lately 
been  adopted  (1876).  If  the  pupil  is  not  entirely  occluded,  a  greater  or 
less  amount  of  vision  may  still  be  obtained.  If  these  symptoms  increase, 
hypopyon  develops,  and  then  the  pupil  will  give  a  yellowish  reflex.  These 
cases  may  terminate  in  one  of  two  ways.  During  the  gradual  resorption 
of  the  hypopyon  and  total  occlusion  of  the  pupil,  phthisis  bulbi  gradually 
develops;  this  process  takes  months,  and  is  accompanied  from  time  to  time 
by  pain;  sensibility  to  light  is  totally  abolished,  or  may  for  a  time  still  be 
present.  Or  the  pus  is  not  resorbed,  but  evacuates  itself  at  some  point, 
most  frequently  in  the  neighborhood  of  the  point  of  puncture,  finding  its 
way  outward  through  the  sclerotic.  But  seldom  has  ulceration  of  the 
cornea  been  observed.     (Daviel).     {This  is  the  picture  of  an  infection). 

The  above-named  forms  of  disease  may  be  complicated  by  portions 
of  the  lens  remaining  in  the  pupil,  floating  about  in  the  vitreous,  or  getting 
into  the  anterior  chamber.     Before  a  useful  amount  of  vision  can  be  at- 
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tained  these  must  first  be  resorbed  and  eliminated  from  their  respective 

positions. 

These  processes  may  not  develop  at  once  in  the  manner  described,  but 
may  develop  suddenly  in  an  entirely  unexpected  manner  after  the  lapse  of 
monihs  or  years  in  cases  which  had  apparently  terminated  most  success- 
fully. There  are  also  cases  in  which,  without  any  premonitory  symptoms, 
or  without  any  outward  signs,  a  serous  choroiditis  develops,  leading  to 
glaucoma  and  amaurosis.  Finally,  cases  are  reported  from  the  remotest 
antiquity,  in  which  lenses  which  had  been  reclinated  for  thirty  years,  sud- 
denly mounted  up  again  in  a  vitreous  which  had  become  fluid,  and  began 
moving  about  freely,  and  for  a  time  return  to  occupy  their  former  position 
in  the  pupil,  or  by  accident  getting  into  the  anterior  chamber,  thus  causing 
secondary  glaucoma. 

"The  anatomical  examination  of  eyes  on  whicli  tlie  operation  of  reclination 
has  been  practiced  has  explained  to  us  the  reasons  for  the  various  cUnical  pic- 
tures that  have  been  described.  The  literature  which  reports  the  examination 
of  eyes  on  which  reclination  had  been  practiced  is  considerable.  The  epoch- 
making  examination  of  Brisseau  was  made  on  an  eye,  on  which  this  operation 
had  been  made  after  death.  Maitre  Jean,  Heister,  Morgagni  and  others  corrob- 
orated by  their  post-mortem  examinations  on  non-operated  corpses  the  ana- 
tomical nature  of  grey  cataract;  these,  however,  were  soon  followed  by  a  num- 
ber of  others,  Deider,  Henkel,  Boerhaven,  Hein,  Pott,  Scarpa,  Acrel,  Earl  and 
Hesselbach,  and  these  again  by  Soemmering  and  Textor,  who  were  almost  ex- 
clusively interested  in  the  fate  of  the  torn  capsule  after  reclination,  and  also 
of  the  reclinated  lens;  and  only  in  a  passing  way  paid  attention  to  other 
changes  which  they  found  in  the  eyes.  The  first  accurate  exa,miEiation  of  an 
eye  on  which  reclinatipn  had  been  practiced,  and  which  was  obtained  for  patho- 
logical examination  during  the  period  of  reaction,  was  made  by;  Rienker,  in 
the  year  1834.  This  was  followed  by  examinations  made  by  Von  Graefe,  Iwan- 
oflP  and  Pagenstecher,  so  that  today  we  possess  quite  accurate  anatomical  in- 
formation  regarding  the  more  important  processes,  even  those  which  occur  in 
the  most  serious  cases  after  reclination.  A  short  time  after  scleronyxis  it  is 
,  often  impossible  to  find  the  cicatrix  of  the  puncture.  Nevertheless,  in  one  case 
Soemmering  was  able  to  recognize  the  point  of  puncture  thirteen  months  after 
the  operation;  in  another,  eight  and  a  half  years  later.  This  was  recognised 
as  a  dark  spot,  one  and  a  half  lines  from  the  cornea,  and  appeared  somewhat 
more  transparent  than  the  rest  of  the  sclera.  Within,  it  was  hardly  a  line  from 
the  edge  of  the  retina,  but  on  the  folded  edge  of  the  cornea  it  could  not  he 
rcognized.    Puncture  wounds  of  the  cornea  will  be  presently  considered." 

The  changes  which  the  capsule  undergoes  after  reclination,  vary  greatly.  If 
the  lens,  together  with  its  capsule,  has  been  reclinated,  naturally  no  trace  of 
the  latter  will  be  found  in  the  pupillary  area.    The  future  condition  of  the  eye 
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then  depends  on  the  fact,  whether  or  not  any  considerable  ioflammatory  symp- 
toms follow  the  operation.  In  Sommering's  fifth  operation  he  found  the  cap- 
sule free  from  its  ligament  and  its  entire  circumference  except  at  the  lower 
ed^e,  where  it  was  still  attached  to  the  asonula.  8ommering  leaves  the  question 
an  open  one,  as  to  whether  the  capsule  was  separated  and  depressed  without 
tearing,  or  if  there  was  originally  a  small  tear  which  had  closed  again. 

Opinions  differ  greatly  regarding  the  frequency  with  which  the  lens,  to- 
gether with  its  capsule,  is  reclinated.  Stellwag  (1.  c,  p.  614)  declares  as  the 
rc^sult  of  his  investigations  that  cases  of  primary  cataract  dislocation  in  the 
capsule  are  an  exceedingly  rare  occurrence.  Hence,  the  statement  of  Beer 
(1.  e.,  II,  p.  364),  who  in  former  years  found  reclinated  lenses  in  tbeir  capsules, 
as  also  did  Richter  (Chir.  Biblioth.,  II,  322)  and  Szokalski  (Prager  Viertel  Tah- 
resschrift),  are  all  the  more  important,  since  both  after  the  lapse  of  many  years 
extracted  cataracts  which  had  mounted  up  again,  and  were  enabled  to  deter- 
mine that  they  were  enclosed  in  their  capsules.  Stellway  states  that  it  is  pos- 
sible to  find  the  "dry  pod  cataracts." 

If  the  capsule  in  its  entirety,  or  even  a  portion  of  it,  remains  in  direct  con- 
tinuity with  the  zonula,  it  is  impossible  to  perform  redination,  unless  at  least 
the  posterior  capsule  is  torn.  Five  years  after  recliuation  Von  Grafe  found 
In  an  eye  which  he  examined  the  anterior  capsule  intact;  whereas,  in  the  pos- 
terior there  was  a  circular  opening  2.5  inches  in  diameter.  Hence,  the  point 
of  the  needle  used  di^  not  touch  the  anterior  capsule,  but  remained  imbedded 
in  the  lens  substance.  Stellwag  (1.  c,  p.  008)  stated  tliat  such  a  thing  is  pos- 
sible, and  Ritter  (915,  p.  9)  proved  it  experimentally.  The  opening  in  the  pos- 
terior capsule  is  not  always  regular.  Stellwag  found  in  post-mortems  made  on 
cholera  patients,  that  the  capsule  was  torn  in  many  directions.  Sometimes 
the  central  portion  was  missing.  But  even  in  tliese  cases  the  peripheral  por- 
tions adhere  to  the  anterior  capsule.  If  death  had  followed  shortly  after  theit 
reclination,  they  were  to  be  recognized  as  floating  shreds.  But  if  the  patient 
*lived  many  years  after  operation  these  shreds  were  always  found  drawn  bacli, 
and  forming  either  a  part  of  the  crystalline  pearl  (Wulst),  or  as  the  posterior 
portion  of  a  tattered  secondary  cataract,  resembling  in  form  a  cataraeta  sili- 
quata;  or  they  were  even  found  together  with  the  anterior  capsule  somewhere 
in  the  eye  rolled  up  like  a  ball. 

The  anterior  capsule  either  disclosed  a  .simple  hole,  or  a  piece  had  been  torn 
out.  These  shreds  which  had  been  torn  loose  resembling  a  cloth  which  had 
been  rolled  up,  were  found  folded  together -in  the  vitreous;  they  were,  however, 
adherent  to  the  nucleus  of  the  lens,  and  were  further,  still  in  connection  with 
the  nniniored  portion  of  the  zonula,  and  in  this  manner  with  the  corresponding 
ciliary  processes.  In  other  cases  the  anterior  capsule  was  partially  loosened 
from  the  zonula,  and  floated  in  the  aqueous  humor  of  the  posterior  chamber, 
either  alone  or  in  connection  with  the  remains  of  the  posterior  capsule.    Stell- 
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wag  described  a  case  in  wliich  reclination  naa  been  performed  according  to 
the  rules  laid  down,  and  the  anterior  capsule  was  found  adherent  to  the  zonula 
only  below,  and  was  floating  In  the  vitreous  as  a  conglomerated  folded  mass. 

In  every  case  in  which  it  was  shown  that  the  anterior  capsule  had  simply 
been  torn,  but  that  its  connection  with  the  zonula  had  not  been  disturbed,  a  so- 
called  crystalline  pearl  or  wulst  had  formed.  This  was  first  accurately  de- 
scribed and  defined  by  Soemmering,  and  dependent  on  conditions  found  in  eyes 
on  which  reclination  had  been  practiced.  The  formation  and  the  anatomy  of 
the  co-called  crystalline  pearl  has  already  been  described  under  secondary  cat- 
aract. 

After  the  lens  has  been  forced  out  of  its  capsule  Into  the  vitreous,  the  latter 
must  take  the  place  of  the  former.  Hence,  th  vitrous  will  cause  the  capsule 
to  bulge  out  anteriorly.  But  along  with  the  gradual  shrinkage. and  resorption 
of  the  reclinated  lens,  an  increased  secretion  of  aqueous  takes  place,  and  to- 
gether with  the  formation  of  the  secondary  cataract,  the  two  halves  of  the 
capsule  approach  each  other  so  as  to  lie  almost  in  an  even  plane.  This  is 
found  in  nearly  all  post-mortem  examinations.  Earl  alone  states  that  after  a 
lapse  of  five  months  he  still  found  the  space  formerly  occupied  by  the  cataract 
filled  with  transparent  fluid  vitreous.  Whereas.  Soemmering  states  that  at  the 
end  of  thirteen  months  he  found  a  perfectly  even  partition  wall,  made  up  of 
•  the  remains  of  a  torn  lens  capsule,  which  separated  the  aqueous  from  the 
vitreous. 

According  to  Soemmering  and  Textor  (1.  c,  p.  32)  the  opening  in  the  ik)8- 
terior  capsule  is  at  times  flUed  out  by  a  very  delicate,  transparent  membrane, 
which  then  forms  the  partition  wall  between  aqueous  and  vitreous.  This  can 
be  nothing  more  than  the  hyaloidea,  concerning  the  wounds  of  which  ^Stellwag 
has  observed  that  they  can  h^al  without  leavjng  a  cicatrix.  It  Is  to  be  re- 
gretted that  just  in  this  fifth  observation  of  Soemmering  he  makes  no  men- 
tion of  the  relation  which  he  found  existing  between  aqueous  and  vitreous. 
The  few  statements  which  report  that  after  the  close  of  the  process,  the  vitreous 
is  found  bulging  anteriorly,  are  of  earlier  date.  Even  in  eyes  which  had  very 
good  vision,  an  abnormal  adhesion  was  found  between  the  periphery  of  the 
posterior  capsule  and  the  zonula,  without  the  presence  of  any  synechia.  Such 
thickenings  of  the  zonula  coming  on  after  a  cyclitls  are  not  of  such  rare  occur- 
rence (V.  Graefl'e). 

Nearly  all  investigators  seem  to  have  interested  themselves  mostly  with 
the  fate  of  the  reclinated  lens.  The  position  which  a  reclinated  lens  will  occupy 
must  necessarily  depend  on  the  mettlod  which  Is  practiced,  if  the  operation  has 
been  done  in  a  perfect  manner,  and  further  depends  on  whether  the  lens  does 
or  does  not  completely  or  partially  mount  up  again.  Examination  has  shown 
that  the  reclinated  lens  comes  to  lie  directly  over  the  insertion  of  the  7?.  infeiior 
(Soemmering.  1.  c,  j).  30).  at  times  downward  and  outward  In  the  vitreous 
(Soemmering,  Plate  I.  Fig.  1  and  2.  4.  Plate  II.  Fig.  5.  Textor,  Fig.  2,  3.  4). 
In  cases  of  Incomplete  reclination.  and  following  partial  resorption,  the  nucleus 
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of  the  lens  may  again  become  so  displaced  as  to  get  back  into  the  capsule,  sink 
to  the  lK)ttom,  and  simulate  a  Morgagniani*s  cataract  (Textor,  Fig.  1>.  The 
opportunity  has  been  but  seldom  offered  to  accurately  determine,  at  an  early 
date,  the  position  of  the  surfaces  of  the  lens.  Hence,  it  may  be  a  matUT  of 
great  Interest  to  state  that  I  (Becker)  have  been  given  a  specimen  by  Dr.  M^ini 
(scleronyxis),  in  which  the  lens  lies  somewhat  below  and  inward,  almost  touch- 
ing the  lower  edge  of  the  torn  capsule,  and  with  its  anterior  surface  turned 
upward.  In  Soemmering's  fifth  case  the  lens  must  have  occupied  a  somewhat 
similar  position,  and  four  and  five  years  after  a  recllnation  v.  Graeffe  could 
determine  the  anterior  (less  convex)  surface  of  the  lens  turned  backward  and 
somewhat  upward,  the  posterior  surface  somewhat  forward  and  downward. 

The  illustrations  of  Soemmering  and  Textor  give  us  a  very  good  idea  of 
the  position  in  which  the  lens  finally  becomes  fixed.  It  is  also  very  noticeable 
that  in  Soemmering*s  illustrations  we  find  the  lens  lying  further  back  than  in 
Textor*s  illustrations.  This  Is  probably  due  to  the  fact  that  Soemmering  recli- 
nated  through  the  sclera,  whereas  Textor  did  so  through  the  cornea.  One  can, 
however,  only  then  form  a  correct  estimate  of  the  position  of  the  lens  lies,  if  we 
bear  in  mind  the  position  of  the  center  of  the  lens,  for  since  the  lens  shrinks 
in  the  vitreous;  hence,  In  order  to  Judge  how  far  the  lens  is  removed  from  the 
anterior  or  posterior  portion  of  the  eye,  one  must  not  forget  that  this  depends 
on  the  degree  of  shrinkage.  In  Textor's  cases  the  center  of  the  lens  lies  on 
the  folded  portion  of  the  corpus  ciliare,  whereas,  in  Soemmering*s  they  lie  on 
the  flat  portion,  so  that  before  resorption  his  lenses  must  have  been  partially 
en  the  retina. 

All  reports  agree  in  showing  that  the  post  mortem  examinations  showed 
the  volume  of  the.reclinated  len«es  to  be .d4mini»hed.  It  is  only  in  the  fifth 
rt'pcrt  of  Soemmering  that  he  emphatically  states  that  though  years  had  elapsed 
since  recllnation,  the  darkened  and  hardened  lens  in  Its  capsule  was  not  re- 
duced In  volume.  Likewise  in  Manz's  case,  no  reduction  in  volume  could  be 
found.  (1  regret  that  I  can  not  give  the  exact  date  of  the  operation.)  In  all 
other  cases  I  find  it  mentioned  how  great  the  reduction  in  volume  was,  or  if 
the  lens  had  entirely  disappeared  without  leaving  a  trace.  The  number  of  the 
latter  observations,  however,  is  not  very  great.  Such  cases  have  been  described 
by  Deider,  Acrel,  Hoin,  Earl,  Soemmering,  Arlt  and  Iwanoff.  However,  it  must 
be  stated  that  in  the  eyes  operated  by  Soemmering  and  Iwanoff  vision  was  de- 
stroyed as  the  result  of  very  severe  inflammation,  so  that  it  is  very  likely  that 
the  lenses  were  destroyed  by  the  purulent  inflammation.  Hence,  with  the  ex- 
ception of  Arlt's  cases,  all  those  reports  of  cases  in  which  good  vision  existed 
after  recllnation  with  total  resorption  of  the  lens  are  of  earlier  date.  However, 
both  Acrel  and  Arlt  make  very  positive  statements.  The  former  says  (1.  c,  p. 
100):  "I  examined  the  eye  on  which  the  patient  had  good  vision  subsequent 
to  the  operation,  and  I  find  that  the  depressed  lens  had  been  totally  dissolved 
and  absorbed."  Arlt  says  (p.  346);  "In  a  specimen  taken  from  an  insane  pa- 
tient, who  had  been  operated  nine  years  previously,  not  a  trace  of  the  nucleus 
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of  the  lens  could  be  found,  either  in  the  vitreous  or  on  the  retina."  The  volume 
of  the  remains  of  the  lens  varies  greatly,  from  the  scarcely  perceptible  pieces 
to  pieces  the  size  of  millet  seeds— greyish  white  bodies.  (Soemmering,  Beob.  1.) 
Beyond  a  doubt  the  result  is  greatly  influenced  by  the  consistence  of  the  cata- 
ract, and  dependent  on  the  fact  whether,  during  the  operation,  a  great  deal  of 
cortical  substance  is  stripped  off;  also,  whether  the  capsule  is  also  reclinated. 
Time  does  not  seem  to  be  the  only  factor  requisite  to  bring  about  resorption 
>of  a  cataract.  Beer  says  (1.  c,  p.  364):  "In  fact,  1  have  never  yet  seen  a  cat- 
aract whi<:h,  being  held  but  partially  fast,  could  be  entirely  dissolved  and  re- 
sorbed,  and  before  I  will  believe  that  this  can  occur,  I  must  personally  see  a 
depressed,  solid,  hard  cataract  really  dissolved  and  resorbed,  which  I  am  sorry 
to  state  I  have  never  as  yet  been  able  to  see."  In  a  case  which  Hesselbach 
examined,  a  lens  which  had  been  depressed  for  forty-four  years  was  not  en- 
tirely resorbed.  However,  in  these  cases  of  such  long  standing,  examined  by 
Hesselabch  and  others,  deposits  of  lime  salts  were  found  in  the  remains  of 
the  lenses. 

Bitter  described  the  processes  of  resorption  of  the  lens  in  the  vitreous  as 
similar  to  those  which  take  place  in  the  aqueous.  The  fibres  lose  their  close 
and  compact  arrangement,  so  that  the  reclinated  lens  may  later  on  separate 
Into  a  number  of  pieces.  The  fibres  shrink,  and  whereas  the  fibres  break  up 
and  become  tumescent,  and  finally  absorbed,  the  membrane  most  probably 
remains  unchanged.  Opinions  differ  greatly  as  to  what  becomes  of  portions  of 
the  capsule  which  get  into  the  vitreous  during  reclinatlon.  Stellwag  states 
(1.  c,  p.  615)  that  he  frequetnly  was  not  able  to  find  pieces  of  capsule  which 
had  been  torn  away  and  fallen  into  the  vitreous.  Likewise,  he  frequently 
found  edges  of  the  posterior  capsule  which  were  still  connected  with  the  an- 
terior capsule  much  reduced  in  size.  Where  the  edge  of  the  posterior  capsule 
was  wanting,  one  could  never  find  any  remains  of  the  posterior.  The  portions 
of  the  latter  which  were  found  Imbedded  In  the  crystalline  pearl  was  never  as 
large  as  those  shreds  which  were  found  adherent  to  the  edge  of  the  anterior 
capsule,  when  the  eyes  were  examined  shortly  after  the  operation.  From  this 
we  can  assume  that  not  only  dislocated  pieces  of  the  anterior  and  posterior  cap- 
sule and  those  which  are  torn  out  may  be  absorbed,  but  also  those  which  are 
still  adherent.  Stellwag  himself  seems  to  acknowledge  that  the  whole  capsule 
or  large  pieces  of  the  same  are  not  only  not  absorbed,  but  offer  great  resistance 
to  the  resorption  of  the  enclosed  iens  substance.  This  general  principle  of 
Stellwag's,  which  Is  also  met  with  at  other  places,  I  desire  to  contrast  with 
the  fact,  that  at  that  time  the  methods  of  microscopical  investigation  were  not 
developed  sufiSclently  to  distinguish  whether  or  not  very  fine  and  delicate  shreds 
of  the  capsule  were  still  present  In  the  eye.  Even  In  cases  where  the  entire 
eye  Is  destroyed  by  purulent  infiammatlonj  the  hyaline  lamellae  of  the  choroid 
withstand  solution,  as  does  also  the  membrana  limitans  of  the  retinae,  even 
when  nothing  else  remains  of  these  structures.  The  same  is  true  of  membranti 
descetneti  and  of  the  capsule  of  the  lens,  in  cases  of  traumatic  cataract    Dr.  Gold- 
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zieber  found,  one  year  after  the  completion  of  a  cataract  operation,  a  piece  of 

tlie  capsule  entirely  unchanged,  enclosed  in  the  conjunctival  cicatrix.    Thougb 

I  have  observed  very  considerable  swelling  of  the  capsule  of  the  lens,  and 

though  this  might  be  looked  upon  as  a  prodromal  stage  of  resorption,  still  I 

do  not  consider  this  as  proven. 

As  has  already  been  mentioned,  a  complete  healing  of  the  hyaloidea  in  the 
hollow  groove  of  the  vitreous  (fossa  patellaris)  after  reclination,  without  having 
a  cicatrix,  has  been  anatomically  determined.  Even  the  path  which  the  lens 
followed  during  the  act  of  depression  could  in  some  cases  no  longer  be  found. 
Every  investigator  has  observed,  that  the  vitreous  becomes  thickened  and  filled 
with  cloudy  threads  and  membranes,  in  the  Immediate  neighborhood  of  the 
lens.  Even  Soemmering  states  that  the  extent  of  these  pathological  formations 
is  proportionate  to  the  degree  of  inflammation  observed  during  life.  Occasion- 
ally he  observed  a  positive  nest  of  new  formed  tissue  in  which  the  lens  was 
imbedded.  Even  in  eyes  in  which  the  lens  was  totally  resorbed,  he  could 
plainly  see  the  groove  in  which  the  lens  had  been  deposited.  In  this  tissue 
Soemmering  even  found  new  formed  blood  vessels.  The  remark  of  Stellwag 
Is  very  interesting,  indeed,  in  which  he  states  that  he  never  found  the  cata- 
ractous  nucleus  in  direct  contact  with  the  retina.  He  always  found  a  measur- 
able stratum  of  vitreous  substance  between  the  surface  of  the  lens  and  the 
retina.  Since  Stellwag's  statements  only  refer  to  eyes  which  had  been  oper- 
ated successfully,  .this  coincides  perfectly  with  the  results  obtained  by  H. 
Pagenstecher,  in  his  experimental  investigations.  According  to  the  latter,  a 
foreign  body  may  be  introduced  through  the  sclerotic  into  the  vitreous,  and 
tolerated  for  a  long  time  without  leading  to  a  hyperplasia  of  cells  and  incap- 
snlation.  If  this  does  take  place,  it  always  extends  from  the  point  of  puncture 
to  the  place  where  the  foreign  body  rests.  This  hyperplasia  takes. place  more 
certainly  and  more  quickly  when  the  foreign  body  is  in  contact  with  the  retina. 
The  view  held  by  many  oculists,  namely,  that  the  pressure  which  the  lens 
exerts  on  the  coats  of  the  eye,  especially  the  retina,  causes  the  severe  reaction 
after  reclination,  is  by  this  means  fully  explained,  as  are  also  the  observations 
of  Stellwag.  Leber,  in  his  masterly  work  already  so  often  quoted  (Die  Entzun- 
dung.  Jjeipsig,  1891),  has  shown  that  the  inflammatory  reaction  within  the 
eye  is  due  to  the  action  of  micro-organisms  and  the  ptomaines  which  they  pro- 
duce. In  his  experiments  with  sterile  particles  of  metals,  and  with  various 
chemicals,  he  has  shown  that  the  former  are  gradually  acted  on  by  the  vitreous 
dissolved  off,  and  even  in  the  minutest  quantities  like  chemicals  exert  an  irri- 
tating influence,  and  give  rise  to  inflammation  of  a  sceptic  or  chemically  pro- 
duced pus.  This  inflammation  may  be  of  a  very  low  grade  and  chronic  variety, 
and  gradually  lead  to  destruction  of  the  vitreous. 

The  comparatively  frequent  observation,  namely,  that  in  successful  cases 
of  reclination,  the  reclinated  lens  is  found  still  held  in  connection  with  the 
lower  portion  of  the  zonula,  will  explain  why  this  detrimental  pressure  on  the 
retina  and  corpus  clliare  does  not  so  often  overstep  the  limit  of  endurance. 
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The  zonula  fibres  act  like  an  elastic  spring,  counteracting  the  pressure  which 
the  lens  would  otherwise  exert.  The  elasticity  of  this  membrane,  and  with 
perfect  right,  has  been  enumerated  as  one  of  the  causes  for  the  mounting  up 
again  of  the  lens.    This,  however,  is  not  the  only  cause. 

Time  and  again  post  mortem  examinations  have  shown  the  vitreous  to  be 
fluid  (Soemmering,  Acrel  and  others).  A  synehisis  before  the  operation  would 
necessarily  defeat  the  results  of  an  operation.  Just  as  a  fluidity  of  the  vitreous 
is  to  be  loolced  upon  as  a  cause  of  spontaneous  luxation,  it  must  likewise  favor 
a  reclination  of  the  lens;  but  it  will  also  prevent  a  permanent  result.  If  the  fluid- 
ity is  a  result  of  the  reclination,  it  will  dei^end  on  the  kind  of  adhesion  whether 
or  not  the  lens  will  become  freely  movable  in  the  vitreous.  Various  observers 
have  found  the  reduced  lens  floating  freely  in  the  vitreous. 

Stellwag  (1.  c,  p.  618)  describes  a  peculiar  form  of  fluidity  of  the  vitreous, 
which  seems  only  to  aflPect  the  anterior  and  middle  portion;  but  with  this  I 
am  neither  familiar  from  personal  observation,  nor  from  the  statements  of 
others.  He  says:  "Very  frequently  he  finds  the  vitreous  reduced  to  such  a 
degree  that,  aside  from  the  portion  which  is  applied  to  the  retina,  there  is  a 
space  anteriorly  which  Is  filled  with  watery  fluid."  And  he  adds  (with  perfect 
right):  "and  when  the  portion  of  the  vitreous  in  contact  with  the  nucleus  of 
the  cataract  becomes  fluid,  the  position  of  the  latter  in  the  future  will  be  deter- 
mined by  its  specific  weight.  On  moving  the  eye  about  we  can  then  see  It 
dancing  about  inside  the  globe,  and  it  may  possibly  get  tinto  the  anterior 
chamber. 

Such  a  fluidity  of  the  vitreous,  coming  on  long  after  an  operation,  has  for 
a  long  time  been  looked  upon  as  the  cause  of  amaurosis  without  cloudiness  of 
the  transparent  media,  or  without  detachment  of  the  retina.  (Secretion  glau- 
coma of  V.  Graefe).  This  was  first  described  by  Beck  and  later  again  by 
V.  Graefe. 

The  connective  tissue  threads,  which  in  cases  which  take  a  favorable  course 
totally  surround  the  lens  and  hold  it  in  its  position,  can  be  most  easily  de- 
.  scribed  as  the  products  of  a  circumscribed  cyclltls,  and  of  that  particular  va- 
riety which  by  preference  originates  in  the  pars  cillarls  retinae.  The  amount 
of  new  formed  tissue  permits  us  to  estimate  the  intensity  of  the  cyclitis,  and 
Soemmering  has  described  and  illustrated  stages  of  development  of  this  pro- 
cess. We  possess  the  reports  of  more  exact  examinations  made  by  Rleneker, 
V.  Graefe  and  IwanoflP,  in  which  vision  had  been  totally  destroyed  as  the  result 
of  cyclitis  and  Its  various  complications  subsequent  to  reclination.  Rleneker 
examined  an  eye  on  which  keratonyxls  had  been  practiced  eleven  days  pre- 
viously by  means  of  a  Scarpa's  needle.  Violent  inflammation  followed,  Intense 
chemosis,  hypopyon  and  a  yeiiow  reflex  from  the  pupil  was  noted.  The  eye 
became  amaurotic  on  the  fourth  day;  the  light  sense  remained  nihl,  but  the 
Inflammatory  symptoms  subsided  a  few  days  before  death.  On  post  mortem 
examination  the  point  of  puncture  could  only  be  found  existing  as  a  fine  cica- 
trix.   At  the  lower  portion  of  the  anterior  chamber  exudate  was  still  present 
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(hypopj'on),  which  firmly  adhered  to  the  cornea  and  Iris.     The  upper  half  of 
the  Iris  had  a  greenish  discoloration,  and  In  the  neighborhood  of  the  hypopyon 
were  small  echymoses.    The  moderately  dilated  pupil  was  in  about  two-thirds 
of  its  area  filled  with  exudate.    The  retina  was  loosened  up  and  of  a  grey  color; 
the  choroid  was  of  a  brownish  red  color.    Extravasated  blood  lay  between  the 
retina  and  the  vitreous.    The  vitreous  was  very  consistent,  and  of  a  greenish 
color.    To  the  temporal  side  was  a  mass  of  pus  about  the  size  of  a  bean.    In 
front  of  this,  to  the  outer  and  lower  side  of  the  uvea  lay  the  lens,  on  the  ciliary 
band,  between  hyaloldea  and  nervea.     Close  to  the  lens  was  an  ecchymosis. 
The  lens  was  swollen,   externally  soft  and  flaky.   Internally   hard.     In   the 
neighborhood  of  the  lens  the  sclerotic  seemed  to  be  normal.    This  is  the  only 
ease,  which  I  have  been  able  to  find  In  literature,  in  which  the  sequelae  follow- 
ing recllnatlon  and  acute*  purulent  Irido  choroiditis,  has  been  described  in  a 
perfectly  clear  and  comprehensive  manner,  taking  into  consideration  the  time 
when  it  was  written.    (No  doubt  bacteriological  Investigation  would  have  dem- 
onstrated the  presence  of  staplylococci  and  streptococci).   It  appears  that  I  wan- 
off  must  have  examined  a  similar  case.     In  the  eye  which  Moren  examined 
(L  c,  p.  35)  the  globe  had  retained  its  form  and  size,  retina  and  choroid  were 
in  their  normal  position,  the  vitreous,  however,  was  drawn  forward,  so  that 
its  anterior  posterior  chamber  measured  but  8  mm.    Downward  and  outward, 
where  in  Rieneker*s  case  the  lens  lay,  there  was  found  an  abscess  in  the  stage 
of  insplsation.     The  only  remains  of  the  lens  was  a  crystalline  pearl.     This 
waa  everywhere  enclosed  in  a  thickened,  new  formed  tissue,  which  posteriorly 
gradually  disappeared  in  the  vitreous,  and  anteriorly  bound  this  crystalline 
pearl  tightly  to  the  iris.     The  pathological  conditions  were  just  as  Intimate 
with  the  ciliary  body,  which  had  likewise  been  changed  by  inflammatory  prod- 
ucts.    Both  retina  and  cholroid  showed  Increase  of  tissue  change,  more  an- 
teriorly than  posteriorly.    Anteriorly  the  former  showed  many  spaces  filled  with 
fluid,  and  many  round  cells,  and  the  latter  a  more  intimate  connection  of  the 
various  lamellae  could  be  made  out,  especially  between  the  pigment  epithelium 
and  the  vitreous  lamellae  of  the  choroid.    We  recognize  the  description  as  that 
of  a  typical  case  of  irido-cyclltis.     Von  Graefe  examined  a  blind  eye  four  or 
five  years  after  recllnatlon  had  been  practiced.    During  life  one  could  not  de- 
termine any  other  diseased  condition  than  a  rigidity  of  a  moderate  sized  pupil, 
in  the  center  of  which  one  could  see  a  secondary  cataract.    Post  mortem  exami- 
nation showed  that  the  iris  was  not  adherent  to  the  secondary  cataract.    The 
latter,  however,  was  held  adherent  to  the  zonula  by  means  of  an  exudate,  and 
by  means  of  this  also  with  the  ciliary  processes.    In  the  retina  could  be  seen 
countless  small  and  large  whitish  granules  and  nodules,  and  part  of  these  ex- 
tended into  the  choroid.    At  some  places  they  formed  large  plaques.    On  mlcro- 
flcopical  examination  all  of  these  were  found  to  form  a  continuous  sheet  be- 
tween retina  and  choroid,  which  at  the  orrata  serrata  became  continuous  with 
both  membranes  in  their  entirety.    In  the  vitreous  the  direction  which  the  lens 
had  taken  could  be  followed  by  means  of  a  new  formed  connective  tissue  massy 
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which  lead  to  a  menibranous  pocket  In  the  vitreous,  and  wai  locllted  downward 
and  outward.  In  the  neighborhood  of  this  pocl^et,  very  fine  whitish,  clondy 
membranes  in  the  otherwise  colorless  vitreous.  A  considerable  amoimt  of 
carbonate  of  lime  was  found  between  the  choroid  and  retina,  as  also  on  the 
Inner  surface  of  the  ciliary  body,  Just  as  in  the  above  mentioned  case.  Von 
Graefe  draws  attention  to  this  diffuse  process,  extending  from  the  ciliary  pro- 
cesses over  the  entire  choroid.  Owing  to  the  fact  that  the  new  formed  con- 
nective tissue  was  in  the  vitreous,  and  the  iris  was  dot  involved,  this  should 
be  designated  as  a  chorio-cy(»litis.  The  case  of  Vou  Graefe,  which  was  ex- 
amined by  Iwanoff,  was  an  atrophied  eye,  as  a  result  of  reclination.  Here  It  ap- 
pears the  recllnated  portion  of  the  lens  was  resorbed.  The  entire  vitreous  had 
been  changed  into  a  new  connective  tissue  mass  and  was  drawn  forward. 
Only  here  and  there  could  the  various  layers  be  distinguished  in  the  detached 
retina,  which  seemed  to  be  made  up  of  hypertrophied,  radiating  fibres.  The 
entire  choroid  was  folded,  and  between  this  and  the  retina  anteriorly  was  a 
thin  lamellae  of  bone.  Even  in  fine  sections  small  abscesses  could  be  detected 
in  the  vitreous.  The  sheath  of  connective  tissue  which  surrounded  the  lens 
seemed  to  be  very  tough,  and  at  some  places  enclosed  deposits  of  lime  salts. 
This  advanced  calcification  seemed  remarkable,  considering  that  the  reclina- 
tion had  been  practiced  but  nine  mouths  previously.  The  processes  which  lead 
to  these  changes  is  to  be  designated  as  an  Irido-choroidltis. 

B. 
DISCISSION. 

As  a  rule,  but  slight  reaction  follows  discission  through  the  cornea; 
there  are,  however,  exceptions  to  the  rule. 

The  kind  of  instrument  used  to  puncture  the  cornea,  and  to  open 
the  capsule,  is  not  without  its  influence.  The  BnglisJ^  discission  needle 
which  is  now  in  general  use,  only  became  so  gradually.  This  is  straight, 
anteriorly  two-edged,  and  its  neck  has  everywhere  an  equal  thickness,  so 
that,  when  during  the  operation  the  needle  is  either  pressed  forward  or 
drawn  backward,  it  always  completely  fills  out  the  channel  ot  the  wound; 
and,  since  the  wound  made  by  the  double  edge  is  just  equal  tp  the  diam- 
eter of  the  neck,  hence  it  is  impossible  for  the  aqueous  to  escape,  during  the 
operation.  The  older  instruments,  especially  those  which,  even  until  re- 
cently, were  recommended  by  some  English  physicians,  are  conical  and 
increase  in  thickness.  This  instrument  not  only  interferes  with  the  free 
movement  in  the  channel  of  the  wound, but  its  use  certainly  favors  the  bruis- 
ing of  the  edges  of  the  wound.  •  Such  a  wound  will  leave  a  cicatrix,  which 
will  be  visible  for  a  much  longer  time.  In  exceptional  cases,  the  edges  of 
the  wound  have  been  observed  to  swell  up  and  assume  a  bubble-like  promi- 
nence.    If  we  will  only  stop  to  consider,  how  kindly  frequently  repeated 
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pTmctures  of  the  anterior  chamber  are  borne,  (Sperino),  we  can  not  assume 
that  the  occasional  unfortunate  mishaps,  are  entirely  the  result  of  the  cor- 
neal wound.  Here  again,  the  effect  of  an  infection,  either  direct,  by  use  of 
a  non-sterile  instrument,  or  the  subsequent  infection  of  the  wound  from 
conjunctival  secretion,  is  to  be  home  in  mind. 

If,  during  or  after  the  operation,  the  aqueous  is  partially  or  com- 
pletely evacuated,  the  entire  lens  system  must  move  forward.    All  the  se- 
quelae of  this  occurrence,  the  release  of  the  blood  vessels  from  the  intra- 
ocular pressure,  and  the  consequent  hyperaemia,  in  all  the  vascular  portions 
of  the  eye,  as  well  as  the  tension  which  is  exerted  on  the  ciliary  body  in 
consequence  of  this  moving  forward  of  the  lens,  must  be  looked  upon  under 
certain  circumstances  as  replete  with  injurious  effects.    It  is  well  known, 
that  puncture  of  the  anterior  chamber  during  the  course  of  inflammatory 
affections  of  the  eye,  is  accompanied  by  great  pain.    The  moving  forward 
of  the  entire  lens  system  depends  on  the  extent  of  the  wound  in  the  capsule, 
the  depth  to  which  the  needle  penetrates  the  lens  substance,  the  consistence 
and,  more  especially,  the  compactness  of  the  cataract.    If  one  may  so  ex- 
press it,  the  normal  process  of  absorption  of  the  lens,  after  opening  the 
capsule,  has  already  been  fully  described  in  the  general  consideration  of 
traumatic  cataract.    But  discission  does  not  always  follow  the  normal  course 
there  depicted,  for  symptoms  of  a  violent  reaction  may  develop.    The  pupil 
contracts,  and,  in  spite  of  the  free  use  of  atropine,  will  not  dilate.     The 
iris  becomes  discolored,  and,  owing  to  the  rapid  swelling  up  of  the  entire 
lenSj.  is  pushed  forward,  or  a  large  amount  of  lens  substance  enters  the  an- 
terior chamber  and  also  presses  the  iris  forward.     The  peri-corneal  in- 
fection which  develops  at  once,  gradually  leads  to  an  oedema  of  the  con- 
junctiva bulbi;  the  eyes  become  hard,  and  the  field  of  vision  contracted  to 
the  nasal  side.    At  the  same  time,  the  patient  complains  of  irritability  to 
light,  and  intense  pain  radiating  along  the  branches  of  the  trigeminus. 
The  picture  of  secondary  glaucoma  is  complete. 

It  has  been  supposed  that  these  phenomena  are  the  result  of  opening 
the  capsule  too  widely,  and  of  permitting  the  needle  to  sink  too  deeply 
into  the  lens  substance;  nevertheless,  they  have  occurred  after  the  most  care- 
ful opening  of  the  capsule.  Hence,  either  the  eye  must  be  too  sensitive  or 
the  cataract  peculiarly  constituted  chemically,  so  as  to  exert  such  a  detri- 
mental influence.  But  the  increased  tension  is  alwajs  brought  on  by  the 
rapid  swelling  up  of  the  lens;  this  leads  to  the  circulatory  disturbances,  the 
contraction  of  the  field  of  vision,  the  irritability  to  lignt  and  the  ciliary 
pain. 

"All  these  changes  are  almost  exclusively  obseived  in  the  eyes  of 
youthful  individuals,  except  in  cases  in  which  we  are  dealing  with  exten- 
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sive  injury.  In  older  persons  the  opening  of  the  anterior  capsule  likewise 
leads  to  a  swelling  up  of  the  cortical  substance,  but  if  this  does  not  exceed 
reasonable  bounds,  it  will  not  lead  to  a  pressing  forward  of  the  entire  len- 
ticular mass,  which  does  not  seem  to  take  place  unless  the  nucleus  likewise 
swells  up." 

These  words  of  Von  Graefe  ^  explain  why  injuries  of  the  lens  in  older 
individuals  have  a  better  prognosis  than  in  younger  individuals;  and  also 
why  in  the  latter  days  of  his  activity  he  became  more  careful  in  the  selec- 
tion of  cases,  in  which  he  practiced  discission.  If  we  are  to  look  upon  the 
great  swelling  of  the  cataract  as  the  cause  of  the  increased  intra-ocular  ten- 
sion and  its  evil  consequences,  it  must  become  evident,  that  if  the  swollen 
lens,  even  in  its  entirety  or  partially,  is  extracted  at  the  proper  time,  the 
pain,  as  a  rule,  will  cease  at  once,  the  chemosis  will  gradually  subside,  and 
the  resorption  pf  any  portion  left  behind  will  take  a  regularly  normal 
course.  It  must,  however,  become  evident,  that  under  just  such  circum- 
stances a  thick  secondary  cataract  will  develop,  and  that  this  can  hardly 
take  place  without  the  formation  of  synechia. 

The  spastic  contraction  of  the  pupil  following  discission  is  caused  by 
a  swelling  up  of  the  lens,  which  condition  likewise  leads  to  increased  ten- 
sion, owing  to  the  interference  with  the  evacuation  of  the  swollen  lens  sub- 
stance into  the  anterior  chamber.  The  increase  of  tension  is  also  due  to 
increased  secretion  within  the  eye,  due  to  the  injury  to  the  lens.  Hence 
the  healing  influence  which  an  iridectomie,  made  either  at  the  time  of 
discission  or  previous  to  it,  exerts  on  the  course  of  the  ^^i^oi^j  can  be 
explained  in  two  ways.  Owing  to  the  incision  in  the  sphincter  pupillae, 
the  iris  loses  its  power  of  contraction,  and,  aside  from  this,  the  excision  of 
the  pieces  of  the  iris,  acts  just  as  it  does  in  true  glaucoma.  Hence  it  is 
most  advisable  to  make  the  extraction  of  a  swollen  lens  through  a  linear 
incision,  at  the  same  ^ime  making  an  iridc^c^omie  In  his  last  pubheanon 
on  cataract,  Von  Graefe  spoke  in  the  highest  terms  of  praise  of  this  method 
of  treatment,  and  I  (Becker)  have  repeatedly  drawn  attention  to  the  same 
fact 

If  the  operation  made  during  the  stadium  glaucomatosum  is  not  made 
according  to  this  method,  advised  above,  in  most  cases  a  very  painful, 
"sneaking"  iridocyclitis  will  follow,  leading  to  occlusion  of  the  pupil  and 
phthisis  bulbi.  In  such  cases  the  detachment  of  the  retina  usually  comes  on 
at  a  later  date.  For  a  long  time,  a  part  of  the  sensitiveness  to  light  remains, 
even  in  eyes  in  which  intra-ocular  tension  is  reduced. 

There  may  also  develop  primarily,  as  well  as  following  a  status  glau- 


1  A.  f.  O.,  I,  2,  p.  238. 
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coniatosus,  a  suppurative  irido-choroiditis,  panopthalmitis,  with  purulent 
destruction  of  the  eye. 

Where  a  discissio  per  scleroticam  is  made,  the  amount  of  vision  at- 
tained should  equal  that  attained  where  a  soft  lens  is  reclinated.  Hence  it 
will  be  unnecessary  to  again  consider  those  processes  which  have  already 
been  described,  and  which  make  the  results  of  such  an  operation  question- 
able. 

The  pathological  processes  which  follow  a  discission  have  been  prac- 
tically considered  under  the  head  of  traumatic  cataract.  Here  we  must 
again  refer  to  the  experimental  investigations  of  Dietrich  and  Bitter.  How- 
ever, to  give  a  synopsis  of  their  work,  would  be  but  to  repeat  many  facts 
which  have  already  been  quoted. 

Swanzy  (Diseases  of  the  Eye.  London,  1892,  p.  360)  states,  "This 
method  is  applicable  to  all  complete  cataracts  up  to  the  twenty-fifth  year, 
afid- to  those  lamellar  cataracts  ii^.which  the  opacity  approaches  so  close  to 
the  periphery  of  the  lens,  that  nothing  can  be  gained  by  an  iridectomie. 
After  the  above  age,  the  increasing  hardness  of  the  nucleus,  and  the  in- 
creasing irritability  of  the  iris  render  the  method  unsuitable.'^ 

"Discission  is  a  safe  procedure  when  used  with  the  above  indications 
and  precautions.  The  danger  chiefly  to  be  feared  is  iritis,  from  pressure 
of  the  swelling  lens,  masses  on  the  iris.  When  this  occurs,  or  is  threatened, 
removal  of  the  cataract  by  linear  incision  in  the  cornea  should  be  at  once 
performed.  Another  danger  consists  in  the  glaucomatous  increase  of  ten- 
don (secondary  glaucoma);  here,  likewise,  removal  by  a  linear  incision  is  at 
once  indicated.*' 

C. 

EXTRACTION. 

As  M'e  have  seen,  the  original  Daviel  extraction  consisted  of  a  corneal 
flap  (dotrnvmrd),  taking  in  two-thirds  of  the  corneal  circumference,  and 
without  an  iridectomie.  The  only  change  up  to  the  time  of  Von  Graefe 
consisted  in  the  position  of  the  wound  (Yaeger,  upward;  Wenzel,  outward). 
But  the  principal  objection  to  this  operation  always  had  been,  the  rela- 
tively large  percentage  of  losses  as  the  result  of  suppuration.  Von  Graefe 
early  recognized  that  this  was  due  to  the,  at  times,  unnecessary  gaping  of 
the  wound^  to  overcome  which  he  introduced  what  is  known  as  the  linear 
incision.  Such  an  incision  can  only  be  done,  when  the  incision  is  made  in 
the  "largest  circle"  of  the  spherical  surface  of  the  eye,  because  the  shortest 
distance  between  points  upon  the  surface  of  the  sphere,  t.  c,  the  line  which 
is  most  nearly  straight  falls  in  the  largest  circle.  The  largest  circle  which 
passes  through  two  points  on  the  surface  of  a  sphere,  is  situated  in  a  plane 
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passing  through  these  points  and  the  centre  of  the  sphere.  In  order  to 
make  this  incision,  a  much  narrower  knife  was  necessary,  and  this  Graefe 
likewise  invented,  and  this  today  bears  his  name.  This  incision  was  like- 
wise made  in  the  cornea,  but  in  order  to  allow  the  lens  to  escape  easily  tlie 
preparatory  iridectomie  was  made.  Jacobson  made  his  incision  in  the 
sderO'Comeal  margin,  and  this  suggestion  was  adopted  by  Von  Graefe  add- 
ing to  this  an  ocular  conjunctival  flap  which  acted  as  a  provisional  band- 
age. This  is  known  as  his  peripheral  linear  incision,  and  was  in  vogue  dur- 
ing his  lifetime.  After  his  death,  however,  operators  gradually  departed 
from  this  operation,  going  back  to  the  flap  extraction,  one  set  of  operators 
making  what  is  known  as  the  scleral  flap  extraction.  In  this  operation,  the 
puncture  and  counter-puncture  are  made  in  the  sclera  one-half  mm.  from 
the  corneal  margin,  and  in  such  a  manner  that  a  straight  line  connecting 
these  two  points  would  separate  the  upper  fourth  from  the  lower  three- 
fonrths  of  the  corneal  circumference.  After  the  counter-puncture  is  made, 
the  incision  lies  close  behind  the  limbus.  As  soon  as  the  sclera  is  severed, 
the  edge  of  the  blade  is  turned  slightly  backward,  so  as  to  form  a  conjunc- 
tival flap,  about'  2  mm.  in  width.  The  iridectomie,  eapsulotomy,  and  ex- 
traction of  the  lens  follows.  The  gi^t  advantage  ©f  this  operation  lies  in 
the  fact,  that  the  incision  lies  under  the  cojijunctiva,  which- ktter  also 
forms  a  flap,  which  soon  closes  over  the  wound  again,  and  thus  prevents 
subsequent  infection, 

A  second  form  of  operation  is  the  corneal  flap  extraction,  (Wecker, 
S  tell  wag).  Here  the  entire  incision  is  made  in  the  corneal  limbus  and  in 
such  a  manner  that  one-third  of  the  cornea  is  separated  from  the  sclera. 
In  this  operation  no  conjunctival  flap  is  obtained;  or,  if  any,  but  a  very 
slight  one.  The  iridectomie  may  or  need  not  he  made,  depending  on  the 
desire  of  the  operator.  Fuchs  says,  (Lehrbuch,  1891,  p.  759),  "Since  this 
incision  is  less  peripheric,  prolapse  of  the  iris  is  less  apt  to  occur,  than  where 
a  scleral  incision  is  made.  Whereas,  when  no  iridectomie  is  made,  the 
patient  has  the  advantage  of  a  round  and  movable  pupil,  it  also  brings  with 
it  its  disadvantages:  First,  the  delivery  of  the  lens  without  an  iridectomie 
is  more  difficult,  since  it  must  be  forced  through  a  narrow  pupil,  which 
procedure  requires  considerable  pressure.  Hence,  this  method  is  not  indi- 
cated in  cases  which  depend  on  a  ver>^  delicate  delivery  of  the  lens,  as,  per 
example,  where  the  lens  trembles  and  every  increase  of  pressure  is  apt  to 
lead  to  tearing  of  the  zonula  and  the  hyaloidea,  and  at  the  same  time  lead 
to  a  prolapse  of  the  vitreous.  Second,  extraction  without  iridectomie  is 
not  advisable  in  complicated  cataracts,  in  which  synechia  exist  between 
lens  and  iris.  Third,  notwithstanding  the  use  of  eserine,  prolapse  of  the 
iris  may  occur  in  the  first  few  days  after  an  operation.     Under  such  cir- 
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ciimstances  the  prolapsed  iris  must  be  excised.  Hence,  extraction  without 
irideetomie  is  not  indicated  in  cases  which  show  a  tendency  to  prolapse  of 
the  iris,  or  where  the  patient  is  restless.  Hence,  one  may  conclude  that 
the  corneal  flap  extraption,  where  the  conditions  ar-v  favorable,  gives  the 
most  satisfactory  results;  it  is,  however,  not  adapted  to  all  cases,  nor  does  it 
insure  those  almost  positive  results,  as  does  the  scleral  extraction  with  iri- 
dectomies' Swanzy  (Handbook.  Fourth  P^dition,  1892,  p.  355)  states,  "As 
a  set-off  against  the  circular  pupil,  the  extraction  without  irideetomie  ex- 
poses the  eye  to  the  serious  danger  of  prolapse  of  the  iris  into  the  wound. 
These  operators  make  it  a  rule  to  perform  an  irideetomie  in  all  cases  where 
they  can  not  satisfactorily  repose  the  iris  after  delivery  of  the  lens;  but 
even  where  they  can  repose  it  well,  they  are  not,  they  state,  secure  against 
the  occurrence  of  a  prolapse  within  the  first  two  or  three  days  after  the 
operation;  nor  do  they  find  that  eserine,  or  any  other  means,  provides  the 
desired  safeguard.  It  is  admitted  .that  prolapse  of  the  iris  takes  place  after 
a  number  of  these  operations,  and  that  there  is  no  foretelling  in  what  eyes 
it  will  occur.  The  prolapsed  portion  of  the  iris  heals  in  the  wound,  which 
then,  in  a  few  weeks,  becomes  more  or  less  cystoid  and  bulging,  causing 
displacement  of  the  pupil,  and  irregular  curvature  of  the  cornea,  with  re- 
sulting deterioration  of  vision.  Nor  is  this  all;  for  such  eyes  are  liable, 
weeks,  months,  or  even  years  after  the  operation,  to  take  on  severe  irido- 
cyclitis, ending  in  total  loss  of  sight.  Another  disadvantage  of  this  opera- 
tion is,  that  removal  of  cortical  remains  caii  not  be  so  effectually  performed, 
as  where  a  coloboma  has  been  made." 

^'Therefore,  while  admitting  the  charm  of  a  circular  pupil,  I  am  of 
opinion,  that  the  question  is  not,  whether  the  appearance  of  some  eyes 
operated  on  is  pleasing  to  us,  and  to  others  who  inspect  them;  ^t  rather, 
what  advantage  the  greatest  nuiAber  of  persons  operated  on  derive  from  the 
operations.  With  sentimental  talk  about  "mutilation'^  of  the  iris,  I  can  not 
sympathize.  If  the  advocates  of  the  method  under  discussion  shoidd  find 
a  means  of  insuring  the  eye  against  prolapse  of  the  iris,  the  operation  will 
be  placed  upon  a  different  footing;  but,  until  then,  the  procedure  can  not, 
1  think,  be  recommended.'' 

'It  is  easy  to  understand  why,  in  the  simple  extraction  prolapse  of 
the  iris,  with  subsequent  incarceration,  is  so  liable  to  occur,  even  some 
days  after  the  operation,  and  why  it  is  so  difficult  to  devise  a  sure  means  for 
preventing  the  accident;  as,  also,  how  it  is  that  even  a  very  nan-ow  colo- 
boma is  sufficient  to  protect  the  eye  from  the  disaster.  And  yet  I  am  in- 
clined to  think,  that  among  the  oculists  who  have  reverted  to  the  simple 
method,  there  are  some  who  do  not  realize  the  modus  operandi  in  either 
case.    Within  a  few  hours  after  the  operation,  the  wound  in  the  corneal 
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margin  most  commonly  closes,  the  aqueous  humor  collects,  and  the  anterior 
chamber  is  restored.  But  it  takes  many  hours  more  for  the  delicate  union 
of  the  lips  of  the  wound  to  become  quite  consolidated,  and  during  that  time 
it  requires  but  little — ^a  cough,  a  sneeze,  a  motion  of  the  head,  the  necessary 
eiforts  in  the  use  of  a  urinal  or  bed-pan,  no  matter  how  careful  the  nursing 
— to  rupture  the  newly  formed  union;  and,  as  a  matter  of  fact,  this  often 
does  take  place.  The  aqueous  then  flows  away  through  the  wound  with  a 
sudden  gush,  and,  where  the  simple  extraction  has  been  employed,  carries 
with  it  the  iris.  Doubtless,  in  this  event,  it  is  that  portion  of  the  aqueous 
humor  which  is  situated  behind  the  iris,  which  is  chiefly  concerned  in  the 
iris  prolapse;  the  aqueous  humor  in  the  anterior  part  of  the  anterior  cham- 
ber probably  flows  ofif  without  influencing  the  position  of  the  iris.  The 
advocates  of  the  simple  operation  endeavor  to  prevent  secondary  iri&-pro- 
lapse,  by  a  spastic  contraction  of  the  pupil,  produced  by  eserine,  which  is 
instilled  at  the  conclusion  of  the  operation,  and  again,  by  some  operators,  a 
few  hours  afterward.  In  most  instances,  the  desired  end  is  by  this  means 
effected.'' 

"But  there  is  a  considerable  percentage  of  cases  in  which  the  contrac- 
tion of  the  sphincter  iridis  is  overcome  by  the  pressure  of  the  aqueous 
humour  from  behind,  and  iris  prolapse  takes  place." 

"How,  then,  does  the  formation  of  a  coloboma  prevent  prolapse  of  the 
iris  when  the  wound  bursts,  as  I  have  described?  Not  because  the  portion 
of  the  iris  which  is  liable  to  prolapse  has  been  taken  away.  That  would 
mean  nothing  less  than  the  whole  of  the  part  of  the  iris  which  corresponds 
to  the  length  of  the  opening  in  the  corneal  margin.  But  the  coloboma 
averts  secondar}'  iris-prolapse,  because  it  provides  a  gateway,  a  sluice,  for 
the  aqueous  humor  contained  in  the  posterior  part  of  the  anterior  chamber, 
to  escape  directly  through  the  wound,  without  carrying  with  it  the  iris  in 
its  rush;  and  it  is  evident,  that  the  narrowest  coloboma  which  can  be 
formed  will  be  amply  sufiicient  for  the  purpose.  To  my  mind,  a  narrow 
iridectomie  here  is  no  "mutilation  of  the  iris,"  but  rather  a  measure  which 
rests  upon  a  sound  scientific  basis,  and  which  is  calculated  to  injure  the 
safety  of  the  eye  in  an  important  particular." 

"As  a  disfigurement  of  the  eye,  there  is  practically  none,  when  the 
coloboma  is  so  narrow,  and  is  situated  in  the  upper  part  of  the  iris.  The 
pupil,  too,  is  movable;  almost,  if  not  quite,  as  much  so,  I  venture  to  say, 
as  in  most  cases  of  simple  extraction.  For  it  is  entirely  a  mistake  to  sup- 
pose that  a  narrow  coloboma  renders  the  pupil  immovable.  Where  there 
are  no  adhesions  between  the  pupillary  margin  and  the  capsule,  as  fre- 
quently happens,  the  reaction  to  light  is  active;  a  drop  of  atropine  will 
dilate  the  pupil  widely,  and  a  drop  of  eserine  will  contract  it." 
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Naturally,  every  incision  must  be  of  sufficient  size  to  permit  the  cata- 
ractous  lens,  whose  horizontal  section  is  an  ellipse,  to  emerge  conveniently. 
Schmidt-Eimpler  states,*  "In  the  flap  incision,  extraction  is  performed  by 
bending  the  flap  of  the  cornea  away  from  the  sclera.  The  length  of  the 
incision  must  here  approximate  the  diameter  of  the  cataract  from  right  to 
left;  for  example,  8  to  9  mm.,  while  the  height  of  the  flap  must  at  least 
equal  the  antero-posterior  diameter  of  the  cataract;  for  example,  3  to  4  mm. 
If  we  assume  the  horizontal  transverse  diameter  of  the  transparent  cornea 
— excluding  the  sclera  limbus,  which  can  be  mqved  over  about  0.5  mm. 
on  each  side — at  11  mm.,  height  of  the  flap  above,  5  mm.;  a  flap  incision 
made  here  would  even  exceed  the  dimensions  of  the  largest  cataract.  But 
it  must  be  remembered  that  the  size  of  the  wound  in  the  membrana  des- 
cemeti  (inner  corneal  wound)  is  somewhat  smaller  than  that  in  the  outer 
corneal  layer  (external  corneal  wound).  If  the  cataract  is  to  pass  through 
a  linear  incision,  the  latter  must  be  made  to  gape.  This  is  done  by  bring- 
ing the  ends  somewhat  closer  together,  so  that  an  ellipsoidal  opening  is 
formed.  The  length  of  the  incision  must  therefore  be  greater  than  the 
diameter  of  the  lens  from  right  to  left.  Its  size  :s  determined  when  we 
know  the  circumference  (u)  of  the  ellipse  necessary  for  the  passage  of  the 
lens.  It  equals  ^^  ^  ^  ;  where  "a*^-  is*the  smallest  diameter,  "V^  the  largest 
diameter  of  the  ellipse.  If  the  cataract  is  4  mm.  in  thick&ess,  and  9  mm. 
in  diameter,  U=^^^^till=6.54-8.14=2.041.     The  linear  incision,  which  is 

to  be  converted  into  an  ellipse  by  the  approximation  of  its  ends,  must  there- 
fore, be  half  as  long,  or  about  10  mm.  (In  this  calculation,  we  disregard 
the  fact  that  we  have  to  deal  with  ellipses  or  incisions,  not  upon  a  plane, 
but  upon  a  spherical  surface).  A  linear  incision  of  such  length  can  only 
be  made  by  passing  through  the  transparent  corneal  tissue.  If  the  incision 
is  made  in  great  part  in  the  edge  of  the  cornea,  as  is  usually  done,  we  must 
abandon  an  absolutely  linear  character;  the  majority  of  so-called  linear  in- 
cisions are  really  flap  incisions,  although  of  small  flap  height.  It  is  to  be 
regarded  as  a  special  advantage  of  linear  incisions,  that  they  have  a  less 
tendency  to  gape,  than  flap  incisions;  strong  intra-ocular  pressure  is  capable 
of  lifting  up  the  flaps.*^ 

"The  length  of  the  incision  must  depend  on  the  size  and  consistence 
of  the  cataract.  Thus,  a  soft  cortical  cataract,  which  is  displaced  during 
extraction  and  changes  its  shape  according  to  the  wound,  requires  a  smaller 
opening  than  a  hard  cataract.    The  size  of  the  nucleus  is  also  important." 

Ph.  Steffan  '  has  given  us  a  very  interesting  table  of  measurements  of 

2  Handbook,  1889.    English  edition,  p.  326. 

8  Weltere  Erfahrungen  und  Studien  uber  die  Kataract  Extraction,  1882-1889. 
Graefe  Arch.,  Vol.  XXXV,  B.  2.   1880. 


304 

500  extracted  cataracts.  But  13  per  cent,  of  these  had  a  maximal  diameter 
of  8.5-9.0  mm.  and  a  thickness  of  4  mm.;  further,  whereas,  after  the  forty- 
fifth  year,  we  must  be  prepared  to  find  the  maximal  size,  up  to  the  forty- 
fourth  year  the  diameter  equals  8  mm.  and  a  thickness  of  3  mm. 
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Hirschberg  (quoted  above)  states,  "In  order  ro  attain  good  results  in 
cataract  extraction,  three  things  are  necesglar>';  care  before  the  operation, 
care  during  the  operation,  care  after  the  operation.  The  two  greatest  at- 
tainments of  modern  surgery,  namely,  anaesthesia  and  antisepsis  (new, 
asepsis),  have  not  failed  to  bear  fruit  in  opthalmology." 

The  patient  should  never  be  operated  on  the  day  of  his  admissioa  to* 
the  hospital.     One  day  of  preparation  is  sufficient;  to  wait  longer,  causes 
.  the  patient  to  become  impatient,  and  this  is  detrimental. 

The  day  previous  to  operation  the  patient  receives  a  dose  of  oleum 
ricini  (or  some  other  luxative)  and  in  the  evening  a  light  ^epast.  The  day 
of  the  operation,  three  hours  previous  to  the  same,  a  cup  of  coffee  (or  milk) 
without  bread:  and,  subsequent  to  the  operation,  during  the  first  few  days, 
a  bland  diet  which  does  not  require  much  mastication  and  produces  but 
little  faecal  matter:  hence,  during  the  first  four  or  five  days  during  which 
the  patient  is  confined  to  bed,  there  is  seldom  a  desire  to  empty  the  rectum. 
Finally,  the  evening  previous  to  the  operation,  the  patient  receives  a  luke- 
warm bath,  especial  attention  being  given  to  a  thorough  washing  of  the 
head. 

The  operation  is  to  be  done  in  a  well-lighted  room,  the  best  light  being 
the  north  light. 

The  operators  hands  are  to  be  thoroughly  washed  with  soap  and  water, 
washed  in  sublimate  1:1000  and  alcohol,  and  the  finger  nails  cleaned  with 
nail  brush  and  file. 

The  instruments  are  to  be  tested  by  the  operator  himself.  All  instru- 
ments which  enter  the  eye  must  be  made  thoroughly  aseptic.  Boiling  water 
destroys  the  pus-formers^  so  that  instruments  which  are  kept  clean  may  be 
considered  sterile,  after  being  placed  in  boiling  water  for  one-half  to  one 
minute.  All  glass  or  porcelain  utensils  are  to  be  previously  cleansed  in  a 
1:1000  sublimate  sol.     All    glasses,  dishes   and    droppers    axe    previously 
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placed  in  a  1:1000  sublimate  sol.,  and  prepared  fresh 'for  each  patient,  and 
just  previous  to  the  operation  are  washed  out  in  a  warm  1:5000  sublimate 
sol.  The  three  fluids  (absolute  alcohol,  96^  per  cent.;  sublimate  water, 
1:1000,  and  sublimate  water,  1:5000)  are  kept  in  well-stopped  bottles.  A 
small  bottle  of  a  5  per  cent,  cocaine  sol.  is  prepared  fresh,  just  prior  to  the 
operation. 

The  operations  are  always  done  early  in  the  morning,  for  to  do  such 
delicate  operating  the  operator  should  feel  fresh.  Knapp,^  however,  be- 
lieves it  better  for  the  patient  to  be  operated  in  the  afternoon,  because  the 
usual  five  or  six  hours  of  smarting  will  then  be  followed  by  an  undisturbed 
sleep,  during  which  the  union  of  the  wound  has  the  best  chance  to  take 
place  and  become  permanent. 

With  a  sterilized  dropper,  at  intervals  of  five  minutes  cocaine  is 
dropped  into  the  eye  three  or  four  times.  (When  the  iridectomie  is  made, 
four  times  is  sufficient;  the  touching  of  the  iris  with  the  forceps  will 
scarcely  be  felt). 

During  the  intervals  in  which  the  cocaine  is  being  dropped  into  the 
eye,  the  lids  should  remain  closed.  Immediately  after  the  last  drop  has 
been  dropped  into  the  eye,  the  lids  and  conjunctiva  are  to  be  carefully 
washed  with  absorbent  cotton  and  freeli  sublimate  water,  and  then  dried. 
The  patient  is  then  placed  horizontally  on  the  operatinjg  table,  with  the 
head  slightly  raised.  An  assistant  holds  the  head,  his  one  hand  on  the 
temple  on  the  side  opposite  the  operator,  and  the  other  on  the  forehead. 
(A  nurse  usually  holds  the  patients  hands.) 

The  eye  which  is  to  be  operated,  is  placed  toward  the  window.  The 
operator,  who  always  operates  with  his  right  hand,  sits  behind  the  patient 
when  operating  the  right  eye,  and  in  front  of  the  patient  when  operating 
his  left. 

A  short  speculum,  one  which  separates  the  lids  widely  and  keeps  them 
at  a  good  distance  from  the  eye,  but  which  opens  and  closes  easily,  is  then 
introduced;  the  screw,  however,  should  never  be  clo.;ed,  so  that  it  may  be 
removed  quickly  by  a  single  movement  at  any  time;  and  which,  as  a  rule, 
is  done  immediately  after  cystotomie,  and  in  exceptional  cases  where  the 
patient  presses  very  hard,  even  before  the  iridectomie. 

With  the  left  hand,  the  operator  now  takes  a  short  pair  of  fixation  for- 
ceps with  a  spring  to  close  them,  and  with  these  grasos  a  fold  of  the  ocular 
conjunctiva  just  below  the  horizontal  meridian.  In  his  right  hand  he  takes 
his  cataract  knife,  which  is  1^  mm.  in  width;  this  ir.  deli(!fttely  held,  like  a 
pen,  the  cuttii;ig  edge  naturally  upward,  toward  the  ufper  corneal  margin. 

3a  Norris  and  Oliver  System  of  Diseases  of  Eye.  Vol.  Ill,  p.  797. 
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In  this  manner,  the  anterior  chamber  is  punctured,  s  ^  that  the  back  of  the 
knife  separates  one-third  of  the  corneal  circumference.  (The  pulling  down- 
ward of  the  eyeball  by  means  of  the  fixation  forceps,  as  well  as  the  pointing 
of  the  knife  toward  the  centre  of  the  pupil,  as  advised  by  Von  Graefe,  are 
unnecessary,  and,  if  anything,  detrimental.)  The  cocainized  eye  is  com- 
pletely tolerant  to  the  fixation  forceps,  so  that  one  may  at  once  make  punc- 
ture with  the  cataract  knife.  The  practiced  eye  will  at  once  see  at  a  glance 
whether  the  width  of  the  pupil  is  equal  to  one-fourth  or  one-third  of  the 
height  of  the  cornea,  (3  or  4  mm.);  hence,  whether  the  edge  of  the  knife 
should  be  tangent  to  the  upper  edge  of  the  pupil  or  a  mm.  below  this;  and 
along  this  line  the  knife  reaches  the  symmetrical  point  opposite  to  that  of 
its  entrance  into  the  anterior  chamber,  in  order  to  gain  the  correct  point  of 
contra-puncture;  the  handle  of  the  knife  is  depressed  slight%.,  toward  the 
temple,  and  then  the  point  of  the  knife  is  pushed  forward  a  few  milometres. 
The  handle  of  the  knife  is  then  made  to  make  a  quarter  turn  on  its  axis,  so 
that  the  cutting  edge  comes  against  the  posterior  surface  of  the  cornea,  and 
then,  by  means  of  a  slight  sawing  motion,  the  corneal  incision  is  completed, 
the  line  of  the  incision  falling  close  to  the  limbus. 

The  assistant,  who  sits  or  stands  on  the  opposite  side  of  the  operator, 
takes  the  fixation  forceps  out  of  the  operator's  hand  from  beneath  the 
operator's  hand,  and  holds  them.  The  operator  lays  his  cataract  knife  on 
the  porcelain  plate  at  his  side,  and  takes  up  the  curved  iris  forceps  with 
his  left  hand,  the  scissors  with  his  right.  (The  instruments  are  often 
handed  to  the  operator  by  an  assistant).  The  iris  almost  never  prolapses, 
but  in  the  exceptional  cases  it  is  first  carefully  replaced,  after  waiting  a  few 
moments  to  see  if  it  does  not  do  so  itself.  The  curved  iris  forceps  is  then 
introduced,  closed,  at  the  centre  of  the  incision  in  a  radial  direction,  and 
opened  a  few  milometres  from  the  edge  of  the  sphincter;  and  iris  fold  is 
grasped,  withdrawn,  and  cut  off  by  a  single  clip  of  the  scissors.  Since  the 
introduction  of  cocaine,  bleeding  from  the  iris  almost  never  occurs;  the  in- 
cision in  the  globe  likewise  never  bleeds,  since  it  is  made  entirely  in  the 
cornea,  and  the  conjunctival  flap  given  up.  As  a  rule,  the  coloboma  is 
small,  with  converging  or  parallel  edges;  its  definite  form,  however,  is  de- 
pendent on  the  exit  of  the  lens. 

The  assistant  now  carefully  opens  the  spring  on  the  fixation  forceps; 
at  the  same  time,  the  speculum  is  gently  closed,  and  while  the  patient  is 
being  told  to  slowly  look  downward,  these  are  also  removed.  The  assistant 
now  gently  holds  the  lids  apart,  far  enough  to  expose  the  entire  cornea. 
Thereupon,  the  operator  again  clasps  the  ocular  conjunctiva  exactly  the 
vertical  meridian,  with  a  pair  of  forceps  held  in  the  left  hand,  while  in  his 
right  hand  he  takes  the  cystitome  (the  lioak  of  which  is  longer  and  sharper 
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than  in  the  original  Graefe  model,  whereas  the  straight  portion  is  shorter). 
With  this,  a  T-shaped  incision  is  made  in  the  capsule;  the  horizontal  por- 
tion first,  and  this  is  made  to  lie  in  the  coloboma.  Finally,  the  operator  re- 
verses the  instrument,  and  with  the  convex  surface  of  the  rubber  spoon  (or 
metal),  makes  gentle  pressure  on  the  external  lower  portion  of  the  cornea, 
whereupon  the  lens  rises  up,  during  which  time  the  spoon  slowly  follows, 
until  the  lens  is  totally  delivered.  The  patient  is  told  to  close  his  eyes, 
and  the  operation  is  practically  completed. 

Where  the  operation  is  made  without  the  iridectomy,  Knapp  lays  par- 
ticular stress  on  the  manner  in  which  the  capsule  is  to  be  opened.  He 
says:  *^The  cystotome  so  advances  that  the  tip  goes  underneath  the  upp^r 
part  of  the  iris,  turns  it,  and  with  the  tooth  makes  the  incision  into  the 
upper  part  of  the  capsule,  parallel  with  with  the  Corneal  section,  about 
G.7  mm.  in  extent.  As  soon  as  the  capsule  is  opened,  the  lens  makes  a 
visible  forward  motion.  Then  the  cystotome  is  An-ithdrawn  again  with  the 
knee  forward,  so  that  the  point  does  not  injure  the  iris."  * 

Today  the  operation  requires  scarcely  as  much  time  as  it  does  to  read 
its  description;  less  than  one  minute,  when  the  preparator}'  iridectomie  has 
been  made;  less  than  two  minutes  for  the  complete  operation. 

The  operator  holds  a  small  pledget  of  cotton,  which  has  been  dipped 
in  sublimate  water,  for  a  few  moments  over  the  patient^s  eyelids,  and  then 
the  patient  looking  downward,  by  slight  pressure  on  the  lower  lid,  which 
pressure  is  transmitted  to  the  cornea,  the  cortical  remains  are  removed. 
This  gentle  massage  also  aids  in  replacing  the  iris  in  its  proper  position. 
After  the  cystotomie,  the  entrance  of  any  instrument  into  the  eye  should  be 
avoided.  •  True,  one  should  always  have  the  blunt  spatula  and  the  Weber's 
Loop  close  at  hand  on  the  porcelain  dish,  but  they  seldom  are  called  into 
use.  A  small  pair  of  scissors  should  also  be  at  hand  to  enlarge  the  wound,  if  * 
the  contra-puncture  should  happen  to  be  too  far  in  the  cornea;  and  if,  on 
gentle  pressure  with  the  spoon,  the  lens  does  not  present  itself.  After  the 
operation, the  wound  which  should  coapt  well, be  smooth  and  free  from  coag- 
ula,  is  irrigated  with  a  sublimate  sol.  1:5000;  likewise,  the  entire  conjuncti- 
val sac.  The  eye  is  then  covered  with  an  aseptic  dressing,  and,  together 
with  the  non-operated  eye,  is  bound  up.^ 

The  after  treatment  is  very  simple.  The  after  pains  are  very  slight 
since  the  use  of  cocaine,  and  especially  where  mild  antiseptics  are  used. 
The  first  dressing  is  removed  at  the  end  of  twenty-four  hours.    During  the 

a  System  of  Diseases  of  Eye.    Norris  &  Oliver.    Vol.  3.  p.  798. 
b  Modern  operators  apply  a  simple  broad  dressing,  held  in  place  by  strips  of 
court-plaster. 
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first  and  second  days,  a  dose  of  .chloral  hydrate  is  given,  and  the  nurse  is 
especially  watchful.  The  bandage  is  renewed  each  day  until  the  twelfth 
day,  but  the  patient  is  not  permitted  to  touch  the  eye. 

At  each  removal  of  the  dressing,  the  lids  are  first  gently  washed  with 
pledgets  of  cotton  dipped  in  sublimate  water,  ^.tropine  is  not  used  before 
the  first  day,  and,  in  face,  only  then  when  there  are  cortical  remains  or 
irritability  of  the  iris.'' 

^'Beaction  seldom  follows.  The  two  principal  forms  are  iritis,  due  to 
swelling  up  of  cortical  remains,  and  septic  infection,  which  nearly  always 
leads  to  destruction  of  the  operated  eye,  and  can  but  seldom  bp  stayed." 

•  "THE  LINEAR  EXTRACTION  is  only  adapted  to  soft  and  fluid 
cataracts  in  young  persons.  Here  the  incision  is  made  with  a  broad  lance- 
shaped  iridectomie  knife,  either  in  the  outer  horizontal  or  the  lower  outer 
quadrant.  The  knife  penetrates  about  4  mm.  from  the  corneal  margin,  and 
is  pressed  forward  in  the  plane  of  the  iris,  until  the  corneal  incision  has 
attained  a  width  of  6  or  7  mm.  The  point  of  the  knife  being  now  laid  close 
to  the  posterior  surface  of  the  cornea — in  order  that  no  injury  may  be  done 
to  the  iris  or  lens,  when  the  aqueous  humour  commences  to  flow  off — the 
instrument  is  ^terj  slowly  withdrawn,  so  that  the  aqueous  humour  may 
come  away  gradually  without  causing  prolapse  of  tho  iris.  In  withdrawing 
the  knife,  it  is  well  to  enlarge  the  inner  aspect  of  one  or  the  other  end  of 
the  wound,  by  suitable  motion  of  the  instrument  in  tha!,  direction. 

The  knife  being  now  put  aside,  the  cystitome  is  passed  into  the  an- 
terior chamber  as  far  as  the  opposite  pupillary  margin,  care  being  taken,  by 
keeping  the  sharp  point  of  the  instrument  directed  either  up  or  down,  not 
to  entangle  it  in  the  wound  or  in  the  iris.  The  point  is  now  turned  directly 
en  the  anterior  capsule,  and  by  withdrawing  the  cystotome  toward  the 
corneal  incision,  an  opening  in  the  capsule  of  the  width  of  the  pupil  is 
produced.  The  cystotome  is  then  removed  from  the  anterior  chamber  with 
the  same  precaution  as  on  its  entrance. 

The  edge  of  the  spoon  is  then  placed  on  the  outer  lip  of  the  corneal 
incision,  and  the  latter  is  made  to  gape  somewhat,  gentle  pressure  being  at 
the  same  time  applied  to  the  inner  aspect  of  the  eye  by  the  fixation  forceps 
and  in  this  way  the  lens  is  evacuated.  When  the  pupil  has  become  quite 
black,  the  operation  is  concluded.  If  pressure  does  not  at  first  clear  the 
pupil  completely,  the  speculum  should  be  removed,  the  eyelids  closed,  a 
compress  applied,  and  a  few  minutes  allowed  to  elapse,  in  order  that  some 
aqueous  be  secreted.  A  renewal  of  the  effort  to  clear  the  pupil  will  prob- 
ably now  be  successful:  if  not,  another  pause  may  be  made,  and  then  fresh 
attempts  employed,  until  the  pupil  is  quite  clear.  It  is  unwise  to  insert  the 
spoon  into  the  eye  to  withdraw  the  fraorments;  and,  if  some  of  these  should 
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be  left  behind,,  no  ill  results  need  necessarily  follow,  although  iritis  is 
more  apt  to  supervene  than  if  the  lens  be  thoroughly  evacuated.  Frag- 
ments left  behind  become  absorbed.  If  there  be  a  prolapse  of  the  iris  which 
can  not  be  reposed,  it  must  be  abscised."  (Swanzy,  p.  336.) 

This  same  operation  is  applicable  to  menibranotLS  cataracts,  with  a 
sharp-pointed  hook  or  forceps,  which  is  passed  through  the  wound;  the 
membrane  is  grasped  and  withdrawn.  The  advantages  of  this 
incision  consist  in  its  relatively  small  size,  and  the  readiness  with 
which  it  closes.  No  iridectomie  is  necessary.  But,  owing  to  the  size 
of  the  corneal  incision,  this  operation  is  only  applicable  to  the  membranous 
and  soft  cataracts;  that  is,  in  those  which  do  not  possess  a  nucleus. 

By  increasing  the  size  of  this  original  linear  incision,  moving  it  back 
farther,  and  making  it  above  and  combiniag  it  with  an  iridectomie,  Von 
Graefe  originated  his  peripheral  linear  incision.  But  this  incision  was  often 
too  small,  so  that  Jacobson  moved  it  still  furi:her  back  into  the  sclera.  He, 
however,  abandoned  the  linear  incision,  and  made  a  flap  incision  and  the 
iridectomie. 

Graefe  made  his  opening  in  the  capsule  with  the  cystitome,  others 
with  a  discission  needle  or  a  small,  sharp  hook.  A  decided  improvement 
has  been  the  introduction  of  the*  capsular  forceps.  By  means  of  this  in- 
strument, not  only  is  the  capsule  opened,  but  a  piece  of  the  anterior  cap- 
sule is  withdrawn  from  the  eye.  This  prevents  a  rapid  closure  of  the  cap- 
sule and  permits  of  a  greater  resorption  of  retained  lens  substance.  This 
procedure  has  lessened  the  number  of  secondary  cataracts.  It  has,  how- 
ever, one  objectionable  feature;  namely,  it  is  possible,  in  tearing  the  capsule, 
that  the  rent  will  be  too  extensive,  extend  too  far  into  the  equatorial 
region,  even  into  the  posterior  capsule,  and  thus  produce  conditions  favor- 
able to  prolapse  of  the  vitreous. 

During  the  sitting  of  the  Seventh  International  Opthalmological  Con- 
gress, held  at  Heidelberg,  in  1888,  Schweigger  wrote  the  following  sen- 
tence on  the  blackboard:  "The  bad  results  are  not  dependent  on  the  posi- 
tion or  the  size  of  the  incision."  Since  the  application  of  antiseptic  and 
aseptic  methods  to  eye  surgery,  most  of  the  complications  occurring  subse- 
quent to  a  cataract  extraction  have  ceased  to  exist;  namely,  the  whole  train 
of  diseases  due  to  septic  infection.  It  seems  rather  a  sad  commentary  that 
all  the  efforts  of  Von  Graefe  and  his  school  should  have  passed  away  and 
have  been  set  aside.  Still,  to  him  remains  the  credit  of  having  greatly  re- 
duced the  percentage  of  losses  in  the  pre-antiseptic  days. 

In  considering  the  changes  which  the  lens  undergoes  during  an  ex- 
traction, we  must  differentiate  between  those  of  the  capsule,  of  the  intra- 
capsular cells,  and  of  the  true  lens  substance.    The  size  of  the  wound  in  the 
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capsule  has  but  an  indirect  influence  on  the  process  of  healing.  This  mem- 
brane, aside  from  rolling  and  folding  itself  up,  remains  perfectly  indifferent 
^  to  the  changes  in  its  vicinity.  The  intracapsular  cells,  the  so-called  single 
layers  of  epithelial  cells  which  line  the  inner  surface  of  the  anterior  cap- 
sule, as  also  the  cellidar  structures  along  the  equator,  on  opening  of  the 
capsule  and  extrusion  of  the  lens,  are  disturbed  in  their  regular  continuity 
and  brought  in  contact  with  a  heretofore  foreign  fluid.  The  manner  in 
which  they  react  has  already  been  considered  under  "Secondary  Cataract'* 
and  the  "Crystalline  Pearl." 

Only  exceptionally  is  the  lens  removed  in  its  entirety.  As  to  what 
will  remain  in  the  capsule  depends  largely  on  the  consistence  of  the  cataract. 
Everything  of  which  the  lens  is  made  up  may  be  found — normal  lens  fibres, 
whole  or  broken  cataractous  lens  fibres,  myelin  globules,  fat,  cholestearine 
crystals,  and  lime  salts;  all  of  which  are  incapable  of  further  development, 
hence  they  act  as  a  foreign  body.  As  we  have  seen,  the  lens  fibres  possess 
the  peculiar  quality  of  swelling  up  to  an  enormous  size,  so  that  their  pres- 
ence may  greatly  endanger  the  further  existence  of  the  eye.  Aside  from 
this,  not  infrequently  after  an  operation,  this  capsular  epithelium  begins 
to  undergo  a  hyperplasia,  and  then  take  an  active  part  in  the  formation  of 
the  secondary  cataract  and  the  crystalline  pearl. 

If  the  extraction  is  made  so  as  to  remove  the  lens  in  its  capsule  from 
the  eye,  as  Sharp  and  Mohrenheim  attempted  to  do,  and  as  Pagenstecher 
did,  the  injury  will  be  of  a  different  character.  The  lens  (like  an  amputated 
member  of  the  eye)  can  no  longer  enter  into  the  consideration  of  the  pro- 
cesses of  healing;  one  must,  however,  not  forget,  that  the  lens  could  not 
have  escaped  from  the  eye  without  tearing  every  single  fibre  of  the  zonula 
zinii.  This  operation  has  been  practiced  by  Beer,  Richter,  Sperino  Mac- 
namara  and  Andrews.  (Tiber  Staar  Extractionen  mit  und  ohne  Entfemung 
der  Eapsel  von  Herman  Pagenstecher,  Graefe,  Arch.,  Vol.  XXXIV.,  B.  2, 
1888). 

After  completing  the  corneal  incision,  owing  to  the  evacuation  of  the 
aqueous  and  the  loss  of  the  greater  portion  of  the  contents  of  the  capsule, 
or  of  the  lens,  together  with  its  capsule,  the  globe  loses  from  ^  to  i'^  of  its 
volume.  Notwithstanding  this,  as  a  rule  the  eye  does  not  become  lessened 
in  size,  nor  does  it  collapse.  By  what  means  is  this  prevented?  It  is  evi- 
dent that,  whereas  in  the  beginning,  aqueous,  iris,  lens,  and  vitreous  fill 
out  the  space,  after  the  operation,  this  same  space  is  simply  occupied  by  iris 
and  vitreous,  where  formerly  was  aqueous  and  lens.  The  change  of  posi- 
tion to  which  these  parts  must  be  subjected,  must  be  considerable.  The 
iris  moves  forward  the  depth  of  the  anterior  chamber,  equal  to  a  distance 
of  three-quarters  of  a  mm.     The  fossa  patellaris,  which  is  still  separated 
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from  the  anterior  chamber  by  the  posterior  capsule,  moves  forward  |  ram. 
Such  a  great  transposition  of  the  individual  structures  can  not  possibly 
take  place  without  materially  drawing  on  the  structural  elements  of  the  iris 
and  corpus,  ciliarey  and,  more  especially,  on  the  nerves  which  traverse  them. 
But  it  is  impossible  for  the  vitreous  to  move  forward  without  the  space 
which  it  vacates  becoming  filled  in  some  other  way. 

In  eyes  in  which  the  coats  are  still  elastic,  these  will  contract  and  re- 
duce the  volume  to  a  degree  equal  to  the  previous  tension  of  the  globe.  By 
this  means,  the  most  essential  portion  is  compensated  for.  Hence  it  follows 
that  where  the  sclera  has  lost  its  elasticity,  the  cornea  becomes  wrinkled; 
or,  owing  to  atmospheric  pressure,  is  pressed,  funnel-like,  inward. 

This,  however,  is  not  the  only  compensation.  When  the  aqueous  is 
evacuated,  and,  still  more  so,  on  evacuation  of  the  lens,  the  pressure  of  the 
blood  vessels  in  the  eye  must  be  reduced,  to  a  degree  proportionate  to  that 
which  they  were  under  before  the  .above  parts  were  pressed  oiit,  and  de- 
pendent on  the  tension  of  the  eye  itself .  Hence,  just  at  this  moment  there 
must  take  place  a  sudden  and  great  dilation  of  all  the  blood  vessels  in  the 
eye.  It  has  betn  a  well-known  fact  for  a  long  time,  that  in  cases  in  which 
there  existed  a  pathological  increase  of  intra-ocular  pressure,  the  sudden 
reduction  of  this  pressupe,  on  opening  the  anterior  chamber,  has  not  infre- 
q»e»tly  led  to  the  occurtence,*of  hemorrhages  into  the  interior  of  the  eye. 
In  a  case,  in  which  I  (Becker)  punctured  the  anterior  chamber  for  an  em- 
bolus of  the  arteria  retinae  centralis,  with  the  hope  of  thereby  causing  the 
embolus  to  change  its  position,  I  observed  the  occurrence  of  innumerable 
retinal  ecchymoses,  though  the  intra-ocular  pressure  had  previously  not 
been  increased.  Hence  there  appears  to  be  no  doubt,  but  that  retinal 
hemorrhages  may  occur  when  an  extraction  is  made 

From  opthalmoscopic  examination,  we  know  that  where  the  intra- 
ocular pressure  is  reduced,  on  the  use  of  atropine,  hyperaemia  of  the  retina 
and  choroid  does  take  place,  together  with  a  dilation  of  the  blood  vessels. 
In  favorable  cases,  one  may  observe  this  hyperaemia  with  the  naked  eye, 
by  simply  watching  the  change  in  color  which  a  slightly  pigmented  iris 
assumes  during  an  extraction.  Finally,  Iwanoff's  experiments  have  proven 
it  to  be  not  at  all  improbable  that  even  in  cases  of  normal  extraction,  prob- 
ably during  the  same,  a  detachment  of  the  vitreous  takes  place,  so  that  when 
the  vitreous  moves  forward  a  vacuum  is  produced  at  the  posterior  pole,  if 
this  is  not  prevented  by  an  instantaneous  transudation.  That  which  has 
so  far  been  described,  can  and  must  occur  when  an  extraction  is  made, 
even  though  an  eye  speculum  is  not  used,  non-fixation  of  the  eye  practiced, 
when  a  lens  is  removed,  and  no  special  maneuvers  are  required  to  bring  this 
about. 


312 

Though  the  greatest  care  is  exercised  in  inserting  and  removing  the 
speculum,  we  do  not  always  succeed  in  avoiding  injury  of  the  cornea-  If 
attention  were  only  directed  to  this  point,  frequently  after  cataract  extrac- 
tion, extensive  loss  of  epithelium  would  be  found.  Owing  to  the  great  im- 
portance which  such  epithelial  losses  assume,  where  infectuous  conjunctival 
secretion  is  present,  it  certainly  ought  to  receive  the  most  serious  attention. 

The  iris  may  be  involved  in  a  variety  of  ways.  In  ev^ry  case,  the 
moment  the  aqueous  is  evacuated  it  contracts  spasmodically,  so  that  where 
the  pupil  is  forcibly  distended  by  the  passage  of  the  cataract,  it  must  suffer 
a  very  considerable  bruising  and  transposition,  and  not  infrequently  we  find 
iris  pigment  adherent  to  the  extracted  cataract.  Even  where  the  operation 
proceeds  in  a  perfectly  normal  manner,  the  iris  is  easily  pressed  into  the 
wound,  and  then  either  draws  itself  back  by  means  of  contraction  of  the 
sphincter,  or  the  sphincter  must  be  irritated  to  contract  \i^'  means  of 
rubbing  the  lids;  or,  finally,  the  iris  must  be  returned  to  its  normal* posi- 
tion by  means  of  instruments. 

It  is  entirely  irrelevant  whether  or  not  we  grasp  the  conjunctiva  bulbi 
alone  or  together  with  the  tendon  of  the  rectus  inferior,  in  order  to  fix  the 
eye.  Xotwithstanding  this,  not  seldom  a  demonstratable  injury  is  pro- 
duced. Even  where  the  fixation  forceps  are  used  with  the  greatest  care, 
for  days  afterward,  the  points  where  they  grasp  the  conjunctiva  are  miark- 
ed  by  a  suffusion.  If  the  teeth  of  the  forceps  are  very  sharp,  and  the  con- 
junctiva (as  it  frequently  is  in  old  people)  friable,  this  will  lead  to  hemor- 
rhage, and  even  to  tearing  of  the  tissues.  Later  on,  it  will  be  shown  how 
the  sudden  occurrence  of  eiliar}^  injection  on  fixation  may  be  utilized  in 
determining,  whether  one  should  risk  or  put  off  the  extraction  in  a  case 
in  which  cyclitis  had  supervened  after  traumatic  cataract.  In  such  cases, 
the  simple  fixation,  in  eyes  which  were  previously  pale,  is  sufficient  to  bring 
on  ciliary  injection,  and  proves  that  this  grasping  of  the  conjunctiva  with 
the  forceps,  is  not  such  an  innocent  procedure  as  one  is  wont  to  suppose. 
(S.  liebreich,  1219). 

That  which  has  Just  been  said  becomes  of  even  greater  importance  when 
the  fixation  is  continued  after  the  eyeball  has  been  opened,  and  even  more  so 
when  the  operator,  after  making  the  corneal  incision,  in  order  to  be  able  to  ex- 
cise the  iris,  leaves  the  fixation  forceps  in  charge  of  his  assistants,  and  later 
again  talces  charge  of  them.  Since  the  eye  involuntarily  rolls  upward,  a  certain 
amount  of  force  must  necessarily  be  exerted  in  order  to  bring  the  wound  into 
an  accessible  position.  Even  in  the  hands  of  the  most  expert  operators  the  tension 
between  the  point  of  fixation  and  the  corneal  wound  Is  undoubtedly  greater 
where  the  closed  forceps  hanging  to  the  eye  is  handed  over  to  an  assistant.  In 
such  eases  the  cornea  will  gap  wide  open,  and  even  fold  itself  vertically.  Just 
such  traction  on  the  cornea,  the  corpus  oiliare  and  iris  becomes  the  most  detri- 


313 
mental  factor  of  an  extraction.  Depending  on  the  degree  to  which  this  second 
pernicious  occurrence  Is  avoided  will  be  found  the  secret  of  the  great  differences 
in  the  results  of  the  various  skiUed  operators.  Every  method  and  every  sug- 
gestion which  will  aid  us  In  lessening  this  portion  of  the  operative  procedure 
Is  deserving  of  the  most  earnest  consideration.  Hence,  one  should  choose  a 
pair  of  forceps  which  are  not  too  sharp,  rather,  do  not  clamp  at  all.  or  can  be 
opened  every  few  moments.  One  should  not  transfer  them  closed  from  one 
hand  to  the  other,  but  rather  fix  them  anew,  or  If  It  is  possible,  complete  the 
operation  after  the  corneal  Incision  without  fixation.  This  becomes  easier 
where  the  operation  is  made  without  an  Irldectomie,  or  where  this  has  been 
made  in  advance  of  the  extraction. 

These  suggestions  were  made  before  the  introduction  of  cocaine,  since  which 
time  the  operation  has  become  a  painless  one,  and  the  patient  can  greatly  assist 
the  operator  by  carrying  out  his  orders.  Many  operators  do  not  fix  the  eye  at 
all  during  the  irldectomie,  but  simply  tell  the  patient  to  look  down.  Probably 
the  only  twitch  of  pain  occurs  at  the  moment  the  section  of  iris  is  being  excised. 

All  pressure  on  the  globe,  or  displacement  of  same  by  means  of  the 
lids  or  instruments,  which  has  as  its  object  the  removal  of  the  lens  or  its 
remains,  is  to  be  looked  upon  as  a  part  of  the  general  injury.  Both  may 
become  necessary  in  perfectly  normal  operations.  Aside  from  the  creasing 
of  the  cornea,  and  the  pushing  apart  of  the  edges  of  the  wound,  the  corpus 
ciliare  must  necessarily  suffer. 

Finally,  the  introduction  of  air  into  the  anterior  chamber  or  the  escape 
of  blood  may  complicate  and  influence  the  processes  of  healing,  even  wh«:« 
the  entire  operation  was  otherwise  normally  completed.  Beer  put  partic- 
ular weight  on  the  first-mentioned  condition,  whereas  under  normal  condi- 
tions both  blood  and  air  are  rapidly  absorbed.  Nevertheless,  such  occur- 
rences always  call  forth  a  special  amount  of  resistance  to  injury  in  such  an 
eye  immediately  after  the  operation. 

Cataract  extraction  is  not  always  made  without  the  occurrence  of  so- 
called  unlucky  accidents.  These  necessarily  must  exert  an  influence  on  the 
healing  process. 

I.  Aside  from  an  infection,  the  corneal  wound  may  be  too  large  or  too 
small.  An  incision  which  is  too  large  when  the  flap  extraction  is  practiced 
either  removes  more  than  half  of  the  base,  or  at  some  point  approaches  too 
closely  to  the  ciliary  body,  if  it  does  not  strike  it  either  in  the  middle  of  the 
incision,  or  at  the  point  of  exit.  In  the  latter  cases,  a  cyclitis  is  the  un- 
avoidable consequence.  The  incision  can  only  be  too  small,  relatively 
speaking,  as  compared  with  the  size  of  the  cataract.  In  consequence,  the 
removal  of  the  cataract  is  made  more  difiicult,  and  in  fact  can  not  be  re- 
moved without  bruising  very  materially  the  edges  of  the  wound.  In  these 
cases  an  unnecessary  amount  of  cataractous  substance  remains  behind  and 
can  only  be  removed  by  resorting  to  all  kinds  of  maftieuvers.    In  order  to 
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deliyer  the  lens,  it  is  necessary  to  employ  a  high  degree  of  pressure,  and 

hence  the  danger  of  prolapse  of  the  vitreous  is  correspondingly  increased. 

II.  A  PROLAPStJS  IBIDIS,  occurring  during  a  flap  operation,  may 
be  cut  off,  and  thus  the  formation  of  a  staphyloma  averted.  But  it  is  not 
always  possible  to  prevent  the  iris  from  cicatrizing  in  the  wound  in  any  form 
of  extraction.  Even  where,  at  the  close  of  an  operation,  the  iris  is  left  in  its 
normal  position,  it  may,  later  on,  where  the  wound  opens  again  and  the 
aqueous  is  evacuated,  be  washed  from  its  position  into  the  wound  and  be- 
come fixed  there. 

III.  INCARCERATION  OF  A  TAG  OF  THE  CAPSULE.  A  tag  of 
the  capsule  may  be  dragged  into  the  wound  by  the  cystotome,  iris  forceps, 
or  at  the  time  the  lens  is  delivered.  This,  owing  to  its  transparency,  is  apt 
to  be  overlooked,  and  subsequently  be  the  starting  point  of  a  series  of 
troubles.  It  may  give  rise  to  cystoid  cicatrization,  and,  as  Wagenman  has 
shown,  to  microscopical  fistulous  openings,  which  can  give  entrance  to 
micro-organisms  and  the  whole  trains  of  symptoms  which  these  produce, 
even>  to  sympathetic  opthalmia.  These  cystoid  cicatrices  lead  to  irregu- 
larities of  the  corneal  curvature  and  consequent  irregular  astygmatism. 

Where  simply  the  iris  is  incarcerated,  the  pupil  will  gradually  be 
drawn  to  the  upper  selero-corneo  margin;  whereas,  if  the  capsule  is  in- 
volved, irido-cyclititf  may  be  produced.  Even  glaucoma  may  supervene,  as 
a  result  of  closure  of  the  filtrating  angle. 

IV.  It  is  not  always  possible  to  completely  remove  all  the  visible 
remains  of  a  cataract.  From  the  earliest  times,  the  swelling  up  of  these  re- 
mains has  been  looked  upon  as  one  of  the  most  detrimental  occurrences  to 
a  normal  process  of  healing. 

V.  THE  PROLAPSE  OF  THE  VITREOUS  is  to  be  looked  upon  as 
one  of  the  most  important  complications  of  the  operative  procedure.  This 
may  occur  before  the  extraction  of  the  lens,  at  the  same  time,  or  following 
its  removal.  The  first  can  only  occur,  if  the  operation  is  not  done  too 
roughly,  where  the  vitreous  has  become  fluid,  the  zonula  zinii  previously 
become  partially  dissolved,  and  the  lens  luxated  before  the  operation.  It 
may,  however,  also  be  the  result  of  a  luxation  of  the  lens,  caused  by  im- 
proper use  of  the  cystotome,  and  the  exercise  of  too  much  pressure  while 
delivering  the  lens.  The  escape  of  vitreous,  together  with  the  lens,  or  fol- 
lowing its  deliver)',  can  be  avoided  by  exercising  a  little  care;  or  it  is  to  be 
ccjiisidered  as  a  truly  unfortunate  circumstance  where  it  follows  as  the 
result  of  a  strong  muscular  contraction  on  the  part  of  the  patient.  The 
escape  of  vitreous,  previous  to  the  delivery  of  the  lens,  since  it  necessitates 
our  going  into  the  eye  with  instruments,  is  to  be  looked  upon  as  a  very 
fevere  complication. 
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Ever  since  the  introduction  of  Daviers  method,  the  escape  of  vitreous,  as 
a  novel  occurrence  during  cataract  extraction,  has  naturally  excited  the  atten- 
tion of  operators  (it  even  occurred  to  Daviel  and  he  mentioned  it),  and  has 
therefore,  since  that  time,  been  frequently  and  almost  constantly  under  dis- 
cussion. It  appears  that  poor  results  were  frequently  blamed  on  this  occur- 
rence, and  thus  sought  to  be  excused.  But  the  most  renowned  operators,  such 
as  Wenzel  and  especially  Beer,  opposed  this  view.  The  latter  even  went  so  far 
as  to  declare  that  one-third  of  the  vitreous  might  be  lost  without  affecting  the 
favorable  result  of  the  case.  Even  at  the  present  time  this  question  has  not 
been  definitely  settled.  With  the  introduction  of  Graefe's  scleral  extraction, 
this  question  again  stepped  to  the  front.  Von  Graefe  in  his  various  publica- 
tions always  stated  to  how  great  a  degree  he  had  reduced. the  percentage  of 
losses  of  vitreous.  Arlt  seems  to  have  followed  the  proper  course  (III  1,  p.  277), 
in  that  he  based  his  prognosis  on  the  cause  of  the  prolapse  of  vitreous.  The 
prognosis  seem^  to  be  more  favorable,  where  there  has  existed  a  previous  fluid- 
ity of  the  vitreous  or  luxation  of  the  lens,  than  where,  owing  to  a  mistal^e  or  an 
unfortunate  circumstance  during  the  operation,  vitreous  of  a  normal  consistence 
is  lost  In  these  cases  it  is  more  apt  to  lie  in  the  wound,  prevent  perfect  clos- 
ure, and  since  it  extends  into  the  conjunctival  sac,  where  this  is  not  perfectly 
free  from  pathogenic  germs,  become  infected.  The  vitreous  is  one  of  the  best 
soils  known  for  the  growth  of  micro-organisms,  and  where  the  vitreous  once 
becomes  Infected  the  fate  of  the  eye  is  sealed;  panopthalmitis  is  sure  to  follow, 
and  sympathetic  opthalmia  is  not  an  unheard-of  occurrence. 

VI.  As  a  rare  occurrence  during  extraction,  intra-ocular  hemorrhages 
do  occur,  even  in  the  simple  Daviel  method.  This,  it  appears,  was  first  de- 
scribed by  Wenzel  in  1779.  Beer  states  that  he  is  acquainted  with  such 
\ase8,  and  says  that  he  only  operates  such  patients  at  their  earnest  solicita- 
tion, and  then  only  in  the  presence  of  witnesses.  However,  it  is  not  clear 
iow  he  could  foretell  the  occurrence  of  such  hemorrhages.  Arlt  was  of  the 
opinion  t^iat  this  occurrence  could  be  prevented,  if  we  would  refuse  to 
operate  an  eye,  which  showed  any  evidence  of  increased  intra-ocular  ten- 
sion, without  having  made  an  iridectomie  at  least  one  week  in  advance. 
The  cause  of  such  a  hemorrhage  might,  however,  he  ^ound  in  the  condition 
of  the  blood  vessel  walls.- 

Beclcer  states  that  in  1864  he  was  a  witness  to  an  operation  which  Arlt  made 
on  an  amaurotic  eye,  in  which  he  extracted  a  calcareous  lens  which  had  fallen 
into  the  anterior  chamber.  Immediately  on  completion  of  the  corneal  incision, 
an  enormous  hemorrhage  took  place  from  the  interior  of  the  eye,  so  that  the 
blood  trickled  from  the  corneal  wound.  It  did  not  come  from  the  iris,  but  rather 
from  the  corpus  ciliare,  from  the  retina  or  choroid,  for  after  the  hemorrhage  was 
controlled,  one  could  see  a  clot  protruding  from  the  pupil.  In  the  following  few 
days,  this  hemorrhage  repeated  itself,  and  caused  the  corneal  wounds  to  reopen 
again.  The  eye,  however,  was  saved,  and  retained  its  form.  This  case  was 
a  particularly  interesting  one,  because  the  patient  had  a  very  extensive  flat 
teleanglektasie  on  the  whole  half  of  the  face.  Hence,  it  is  to  be  presumed  that 
the  blood  vessels  in  the  eye  were  likewise  varicose. 
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There  are  but  few  cases  reported  in  literature  in  which,  during  the  oper- 
ation or  immediately  following  it,  an  extensive  hemorrhage  took  place  from 
the  choroid,  and  thus  instantly  and  forever  destroyed  the  function  of  the  eye; 
possibly  this  is  due  to  the  fact  that  but  few  men  care  to  report  their  poor  re- 
sults. As  has,  however,  been  personally  communicated  to  me  by  a  colleague, 
and  who  by  the  way  is  a  very  busy  man,  this  does  occur.  He  operated  an  aged 
physician  for  cataract,  who  since  early  youth  had  been  myopic  to  a  high  de- 
gree. Immediately  following  the  delivery  of  the  lens,  which  toolc  place  with- 
out the  occurrence  of  any  mishap,  the  vitreous,  accompanied  by  a  dazzling  sen- 
sation and  violent  pain,  was  extruded  through  the  wound  as  a  globule.  The 
hyaloidea  did  not  rupture,  though  blood  did  not  escape  from  the  eye,  it  could 
be  seen  through  the  vitreous.  At  the  same  time  the  eye  becamQ  as  hard  as 
stone,  and  the  sensation  to  light  was  instantly  abolished.  The  protruding  vitre- 
ous was  cut  off.  Phthisis  bulbi  followed  without  a  corneal  ulceration.  Even  in 
8iwh  cases  the  cause  of  the  hemorrhage  is  no  doubt  due  to  a  diseased  condition  of  the 
vessel  walls  of  the  choroid. 

Dr.  J.  A.  Spaulding  *  reported  such  a  case,  together  with  a  very  com- 
plete literary  review  of  this  subject,  but  has  evidently  overlooked  the  above 
remarks  of  Becker,  which  appeared  almost  twenty  years  ago.  Practically, 
his  statements  agree  with  those  of  Becker.  He  states,  "In  conclusion,  it 
would  seem  that  hemorrhage  from  the  choroid  after  extraction,  and  occa- 
sionally after  iridectomie,  is  by  no  means  so  rare  a  complication  as  one 
would  think.  Numerous  cases  have  been  reported,  and  there  can  hardly  be 
a  doubt  that  many  remain  unpublished  in  the  dread  of  publishing  what  may 
seem  to  be  a  badly  performed  operation.  But  where  we  read  the  names  of 
the  surgeons  to  whom  the  accident  has  occurred,  it  is  plain  that  the  mis- 
fortune is  due  solely  to  a  diathesis  of  the  patient.  This  being  once  estab- 
lished, we  shall  probably  hear  in  the  future  of  many  more  interesting  cases 
of  the  sort.  The  chief  cause  is  undoubtedly  atheromatoys  condition  of  the 
vessels,  and  an  abnormal  tension  of  the  eyeball  suddenly  reduced  by  the 
incision  in  the  cornea  and  the  outflow  of  aqueous.  When  it  occurs,  the 
best  treatment  is  to  raise  the  patient's  head;  to  relieve  the  pain,  and  to 
watch  the  eye  carefully,  prepared  to  perform  enucleation  at  the  soonest 
possible  moment.  Where  the  accident  has  occurred  in  one  eyQ,  it  is  likely 
to  occur  in  the  other,  and  pressure  on  the  carotids  and  ergotine  is  indi- 
cated. It  does  not  appear  that  extraction  with  iridectomy  is  more  fre- 
quently followed  by  choroidal  hemorrhage  than  simple  extraction.  The 
accident  can  not  be  foreseen,  but  may  be  looked  for  with  increased  tension; 
also  in  the  decrepid  and  those  advanced  in  years."  In  this  same  paper  he 
reports  the  statement  of  Da  Gama  Pinto  (Kevue  de  General  d'Opth.,  1884,- 
p.  97),  who  witnessed  two  such  occurrences  in  Becker's  clinic. 


4  A  case  of  Choroidal  Hemorrhage  following  Extraction.  Archives  of  Opthal- 
mology,  January,  1896,  p.  92. 
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Battler  *  has  drawn  attention  to  the  fact  that  the  largest  number  of 
cases  of  retro-choroidal  hemorrhage  have  been  reported  since  cocain  has 
come  into  use.  He  has  attempted  to  explain  this  by  the  assumption,  that 
after  the  effect  of  the  cocaine,  which  causes  contraction  of  the  vessels,  has 
worn  off,  an  excessive  dilatation  follows,  which  in  cases  where  a  predispo- 
sition exists,  is  followed  by  rupture. 

In  a  recent  publication,  Salina  Bloom  *>  critically  analyzes  all  the  views 
held  as  to  the  cause  of  this  baneful  occurrence.    In  succession  are  set  aside 
as  causes,  the  loss  of  vitreous,  separation  of  choroid  from  solera,  predispo- 
sition to  hemorrhage,  sudden  reduction  of  intra-ocular  pressure  and  its 
effect  on  arterial  vessels,  arterio-sclerosis,  increase  of  arterial  blood  pressure, 
as  result  of  psychic  excitement,  vomiting,  coughing,  etc.,  condition  of  pos- 
terior ciliary  arteries.    "Anatomical  examination  has  shown  that  the  hem- 
orrhage is  always  intra-choroidal,  and  that  the  predisposing  cause  is  a  pkle- 
hiiis  or  peri-phlebitis  of  the  choroidal  veins.    Depending  on  the  degree  and 
stage  of  this  inflammatory  process,  and  the  time  when  the  intra-vascular 
pressure  occurs,  it  is  evident  why  this  deplorable  disaster  may  take  place 
in  persons  apparently  healthy — may  occur  in  one  eye  and  not  the  other." 
VIL     HBMOBRHAGES  WHICH  ARE  RESTRICTED  TO  THE 
ANTERIOR  CHAMBER  have  an  entirely  different  significance.  As  a  lule, 
they  only  occur  where  an  iridectomie  is  made  at  the  time  of  the  extraction. 
They  occur,  however,  more  seldom  than  one  would  imagine.     One  must 
rather  wonder,  that  on  making  such  an  extensive  wound  in  the  iris,  that 
there  is  not  always  sufficient  Wood  lost  to  make  it  perceptible  to  the  naked 
eye. 

The  causes  here  are  the  same  as  where  a  »iniple  iridectomie  is  made.  Just 
as  we  observe  that  there,  where  the  instantaneiiins  contraction  of  the  blood  ves- 
sels at  the  surface  of  a  wound  prevents  a  large  escape  of  blood,  likewise  here. 
If  the  iris  is  healthy  and  moves  so  far  forward  as  to  touch  the  posterior  surface 
of  the  cornea.  But  if  the  globe  has  suffered  in  its  elasticity,  so  that  a  reduction 
of  pressure  exists  in  the  anterior  chamber,  this  may  l>ecome  tilled  with  air  or 
blood.  As  a  rule  the  blood  comes  from  the  vessels  of  the  iris.  But  the  simul- 
taneous presence  of  air  would  lead  one  to  believe  tliat  the  blood  had  been  aspi- 
rated from  the  conjunctiva,  and  is  derived  from  the  conjunctival  vessels  cut 
during  the  operation.  Such  a  hemorrhage  may  greatly  increase  the  difflcultles 
of  the  completion  of  the  extraction,  because  one  is  not  always  successful  in  re- 
moving the  blood.  The  operator  finds  himself  necessitated  to  open  the  capsule 
and  deliver  the  lens,  so  to  say,  in  the  dark.  The  presence  of  blood  in  the  an- 
terior chamber  does  not,  however,  prejudice  the  prognosis  for  the  worse. 


»  Beriche  uber  die  25th  Versamulung  der  Opthalmogischen  Congress  in  Hei- 
delberg, 1896,  p.  211. 

b  T'ber  die  Retro-choroidealbhitung  nach  Staar  extraction.  Graef  Arch.,  Vol. 
XLVI.  Part,  I,  p.  184.    1898. 
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The  same  may  be  said  of  the  presence  of  air  bubbles  In  the  anterior  cham- 
ber. Only  theoretical  considerations  could  have  lead  so  experienced  a  practi- 
tioner as  Beer  to  talte  the  position  that  the  mere  contact  of  the  iris  with  air  is 
to  be  looked  upon  as  dangerous. 

Finally,  one  must  draw  attention  to  the  influence  which  is  exerted  on  the 
entire  surgical  procedure  by  the  insertion  of  instruments  into  the  eye,  especially 
such  as  are  used  for  pulling  or  exerting  tension. 

Since  the  use  of  sterile  instruments  the  fears  which  formerly  existed 
in  the  minds  of  even  the  best  operators,  regarding  the  evil  effects  of  the 
introduction  of  instruments  into  the  interior  of  the  eye,  such  as  the  mere 
entrance  of  a  cataract  knife,  the  use  of  the  cystotome  or  the  entrance  of 
the  iris  forceps,  are  of  but  historical  interest. 

It  is  interesting  to  note,  however,  that  in  the  sixties  Luer  (the  instrument 
maker)  advised  that  a  cataract  knife  should  never  be  used  immediately  after 
testing  it  on  the  drum  leather.  He  believed  that  some  deleterious  matter  con- 
tained in  the  alum  tanned  leather  might  cling  to  the  knife,  and  thus  be  brought 
into  the  eye. 

Attention  was  also  drawn  to  fine  threads  of  linen  which  might  be  carried 
into  the  eye  by  the  iris  forceps  or  cystltome.  Hence,  all  instruments  should  be 
held  up  to  the  light  and  carefully  examined  before  using  them,  to  see  that  no 
linen  threads  derived  from  the  cloth  on  which  the  instruments  are  wiped,  are 
not  still  adherent. 

The  dangers  are  greatly  increased  where  one  is  necessitated  to  deliver  the 
lens,  by  getting  in  behind  it  with  some  variety  of  spoon,  Weber's  loop  or  hook 
(Pagenstecher).  It  is  more  apt  to  occur,  since  where  it  is  indicated  there  is 
already  a  prolapsus  corporis  vitrei,  and  it  is  impossible  to  avoid  destruction  of 
the  vitreous,  bruizing  of  the  iris,  and  rough  contact  with  the  posterior  surface 
of  the  coni«a.  If  b3'  simply  using  the  cystotome  or  iris  forceps  we  are  apt  to 
produce  a  traumatic  irritation  of  the  endothelit&i  of  the  descemetis,  how  much 
greater  must  be  this  injury  where  the  lens  is  pressed  against  the  descemetis 
by  a  constant  pressure  from  behind  the  lens. 

Irrigation  of  the  anterior  chamber,  or  intra-capsular  injection,  is  a 
method  which  has  been  practiced  by  various  operators.  But  it  does  not 
appear  to  be  entirely  free  from  danger.  In  an  exceedingly  interesting 
paper  on  this  subject  Dr.  Hugo  Magnus^  gives  us  a  complete  historical 
review  of  this  subject.  He  tells  us  that  the  ancients  considered  the  aque- 
ous as  the  only  nutritive  fluid  of  the  eye  that  once  lost  it  could  not  be 
renewed,  and  that  its  loss  was  followed  by  blindness.  This  theory  was  in 
vogue  until  the  seventeenth  century,  when  it  was  refuted  by  Haller,*  who 
reviewed  all  the  ancient  history.  St.  Yves  was  the  first  to  practice  irriga- 
tion.   It  was  not  only  used  after  cataract  extraction  to  remove  cortical  re- 

6Zur  Historischen  Kentnlss  def  Voder  Kammer  Auswashungen.  Graef 
Arch.,  XXXIV,  Vol.  2,  1888. 

6  Elementa  Physiologiae  Corporis  Humani.   Lausanne,  1763,  Tom.  V. 
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mains,  but  to  remove  inflammatory  products  in  the  anterior  chamber,  and 
also  to  press  the  cornea  back  into  shape,  and  give  it  its  former  curvature 
after  it  had  collapsed  subsequent  to  an  extraction.  Its  application  to 
cataract  dates  back  to  the  tatter  part  of  the  eighteenth  century.  In  the 
beginning  an  ordinary  syringe  was  used,  and  a  stream  of  water  forced  into 
the  anterior  chamber.  Florenze  was  the  first  to  attempt  to  improve  this 
method.'^  He  used  an  Anel's  Syringe.  Mannoir  and  St.  Yves  simply  put 
luke-warm  water  in  the  conjunctiva,  held  the  wound  open,  and  allowed 
the  fluid  to  enter  the  anterior  chamber.  Cassamanta  tells  us  how  Feller  * 
washed  out  the  anterior  chamber  with  water  and  spiritus  after  cataract 
extraction.  Beer,  however,  who  lived  in  the  early  part  of  the  nineteenth 
century,  does  not  mention  this  method.  It  was  again  recommended  by 
B.  Benedict.*  Pauli  ^®  considers  this  procedure  "an  insult  to  the  eye,"  and 
Himly^  calls  it  "poor  practice."  This  method  was  dropped  during  the 
middle  half  of  the  century,  and  has  been  totally  ignored  by  the  greatest 
authorities.  It  has,  however,  been  recommended  by  McKeown,^^  Wiecher- 
kiewiez  and  Pannas.^^  Pannas  claims  that  "strict  aseptic  practice  has  set 
the  dangers  of  this  method  aside,"  and  after  removing  all  blood,  pigment, 
capsular  shreds  and  air  from  the  anterior  chamber,  he  washes  out  the 
anterior  chamber  with  a  0.005  per  cent,  solution  of  biniodide  of  mercury. 
This  method,  however,  has  not  found  general  favor,  and  is  but  seldom 
practiced. 

Sterile  1-10.000  sublimate  solution  of  atropine  or  eserine  are  well 
borne  in  the  eye. 

THE  RESULTS*  OF  CLINICAL  OBSERVATION.  Beer  laid  down 
the  rule  that  nature  alone  would  heal  simple  wounds  made  with  a  clean, 
sharp  knife  more  quickly  and  more  securely  than  with  the  assistance  of  the 
surgeon;  hence,  he  criticized  every  ingenious  effort  made  to  assist  the 
healing  of  a  corneal  wound.  All  the  surgeon  l\a8  to  do  is  to  remove  every 
obstacle  in  the  way  of  a  normal  process  of  healing. 

7  Observations  sur  une  Cataracte,  etc.  Actes  de  la  Soclete  de  Medicine  Ohi- 
nirgle  et  Pliarmacle  etablie  a  Brussels.  Tom  Primier  Deuxiene  Partie,  p.  11. 
Brussels,  17d9. 

8De  Methodis  suffuslonem  ociilorum  curandi  a  Cassamata  et  Simoni  cultis. 
Lipsiae,  1782. 

9  Handbuch  der  Praktische  Augenheilkunde.    Leipsig,  1824.   B.  4,  p.  231. 

W  Uber  den  Grauen  Star,  etc.    Stuttgart,  1824.  p.  137. 

11  Die  Krankheiteu  und  Missblldungen  des  Auges  und  derer  Heilung.  Zweiter 
TheU,  Berlin,  1843,  p.  280. 

u  British  Medical  Journal,  'Jiaauary  28,  1888. 

13  Des  Denier  progres  realises  dans  operation  de  la  cataract  par  extraction, 
January  5-11,  1886. 
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In  all  that  has  been  previously  stated,  the  endeavor  has  been  made 
to  demonstrate  that  the  extraction  does  not  consist  solely  of  a  corneal 
wound,  but  that  even  in  the  most  favorable  cases  in  which,  after  an  ex- 
traction, no  signs  of  reaction  set  in,  this  simply  goes  to  show  that  under 
certain  conditions;  absolute  cleanliness,  rest,  absence  of  light,  and  all  ex- 
ternal peniicious  influences;  even  so  complicated  an  injury  will  heal. 

Naturally,  as  long  as  the  eyes  were  kept  bandaged  for  days,  the  external 
pbenouiena  which  are  the  result  of  the  process  of  healing  could  not  be  observed. 
Beer,  who  In  the  beginning  only  removed  the  bandage  on  the  eighth  day,  finally 
shortened  the  time  to  four  days.  After  his  time  the  old  custom  again  came  into 
use,  and  though  Arlt  and  Von  (Jraefe  gradually  returned  to  five  days,  and  even 
three  days,  they  both  for  a  long  time  warned  against  doing  this  earlier  than  the 
third  day.  Jaeobson  was  the  first  who  had  the  courage  to  overcome  this  preju- 
dice, for  he  not  only  removed  the  bandage  at  the  end  of  the  first  day,  but  even 
from  that  time  on  did  so  every  twelve  hours,  aud  by  focal  illumination  examined 
the  surface  of  the  wound.  As  a  result  of  his  observations  and  those  of  others 
we  have  finally  gained  a  knowledge  of  those  changes  which  can  be  observed 
with  the  naked  eye,  and  which  take  place  in  cases  where  everything  progresses 
in  a  perfectly  normal  manner.  It  must  however,  be  stated  that  Bowman  had 
previously  very  carefully  studied  on  the  living  all  these  changes,  since  in  his 
lectures  (p.  28)  we  find  a  true  description  of  all  those  changes  which  take  place 
during  the  healing  process  of  a  corneal  wound,  and  in  such  a  way  as  could 
only  have  been  the  result  of  personal  observation.  True,  ample  opportunity  is 
given  to  study  all  these  processes,  in  cases  of  discission,  paracentesis  of  the 
anterior  chamber  and  simple  iridectomies,  and  cases  of  non-complicated  punc- 
tured and  incised  wounds. 

a.  If  we  examine  a  punctured  wound  of  the  cornea  a  few^  minutes 
after  a  discission,  it  will  appear  as  a  sharply-defined,  grey  round  spot.  In 
the  course  of  a  few  hours  this  saturated  round  spot  is  less  sharply  defined 
externally,  and  gradually  becomes  fainter,  and  is  lost  in  the  surrounding 
tissue,  usually  about  l-lj  mm.  from  the  periphery.  If  the  wound  is  aseptic, 
no  more  violent  reaction  follows,  and  in  the  course  of  a  few  days  all  that 
will  remain  will  be  a  grey  spot  marking  the  point  of  puncture.  Its  diam- 
eter will  always  be  equal  to  about  twice  the  diameter  of  the  instrument 
used,  and  can  often  be  found  unchanged  years  aftem-ard,  by  focal  illumi- 
nation. 

h.  Where  a  simple  iridectomie  or  a  simple  linear  extraction  is  made, 
the  edges  of  the  wound  will  become  agglutinated  more  quickly,  the  more 
the  line  of  incision  falls  in  the  radii  of  the  circle  of  the  corneal  surface. 
The  anterior  chamber  may  be  restored  before  sufficient  time  has  elapsed 
to  apply  a  dressing.  In  such  a  case,  a  grey  line  marks  the  site  of  the 
wound,  and  by  the  time  of  the  evening  visit  thif  will  be  found  to  have 
become  wider.  Where  no  infection  takes  place  the  reaction  will  be  ex- 
tremely slight,  or  the  edges  of  the  wound  may  sweU  up  slightly.    In  more 
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severe  cases  a  gutter-like  depression  may  develop,  the  mode  of  healing  of 
which  will  he  presently  described. 

c.  The  condition  of  flap  wounds  located  in  the  cornea  has  been  ex- 
perimentally studied  by  E.  J^eese.^*  He  states  that  it  was  immaterial 
whether  a  Graef e's  knife  or  a  Beer's  knife  was  used.  In  his  examination, 
made  on  rabbits,  he  found  during  the  first  hour  after  the  incision  the 
epithelium  sharply  defined  and  the  cut  edges  gaping:  by  the  fourth  hour, 
the  epithehum  in  its  entirety  has  surrounded  both  edges  of  the  wound;  by 
the  tenth  hour,  the  epithelium  is  found  descending  the  edges  of  the  wound, 
and  by  the  twelfth  hour  it  has  descended  half  way;  by  the  fifteenth  hour, 
the  epithelium  from  the  two  sides  has  come  together,  forming  a  sort  of 
bridge,  and  epithelial  pearls  begin  to  develop  in  the  depth  of  the  wound. 
During  the  next  twenty-four  hours  the  depth  of  the  wound  fills  up  with 
epithelial  cells,  which  gradually  reach  the  surface. 

Following  an  incision  the  various  corneal  lamellae  contract,   those 
only  toward  the  center  coming  in  close  apposition,  so  that  two  triangles 
are  formed,  with  their  apices  in  apposition.   As  is  well  known,  in  making 
the  incision,  the  plane  of  the  same  is  changed,  it  forming  either  a  curve 
or  an  angle,  and  the  depth  to  which  the  epithelium  will  descend  ^i\\  de- 
pend on  the  height  at  which  the  plane  of  incision  is  changed.    (Even  a 
more  complicated  condition  develops  where  the  modified  Graefe  linear 
extraction  is  made.)    Where  the  wound  gaps  wide  open,  the  interspace  is 
first  filled  with  transudated  fluid  from  the  corneal  lamellae,  and  exudate 
from  ^  the  aqueous  and  iris,  until  finally  a  coagulated  fluid  closes  the  gap 
into  which  the  cella  begin  to  dip  from  above,  and  the  processes  of  resti- 
tution follow.    Active  karyokinetic  processes  set  in,  in  the  epithelium,  as 
far  back  as  the  limbus,  and  during  the  first  hour  the  cells  close  to  the 
margin  of  the  wound  are  pushed  down  into  the  wound.     After  a  time 
these  latter  cells  also  undergo  karyokinetic  changes,  and  this  process  con- 
tinues until  the  entire  wound  is  filled.     This  is  but  i*.  provisional  process, 
for  alter  the  third  day  a  rich  supply  of  round  cells  surround  the  wound, 
and  the  real  inflammatory  reaction  does  not  follow  until  the  fourth  day, 
as  a  result  of  which  the  epithelial  indipping  is  again  pushed  out  by  the 
connective  tissue  cells.     At  this  tinie  the  inter-lamellar  spaces  are  widely 
dilated,  filled  with  round  and  spindle  cells,  which  are  looked  upon  as  de- 
rivatives of  the  fixed  corneal  cells.    These  spindle  cells  become  elongated, 
assume  a  more  dense  consistence,  and  are  more  closly  packed  together. 
As  a  result  of  this  partial  fibrous  condition  and  contraction  of  the  spindle 

14  TJber  das  Verhalten  des  Epithels  bei  der  Heilung  von  Linear  und  Lanzen 
messer  wunden  In  der  Homhaut.    Graefe  Arch.,  Vol.  XXXIII,  Bd.  1,  1887. 
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cells,  a  certain  degree  of  pressure  is  exerted  on  the  epithelial  indipping; 
the  lower  portion  is  simply  cut  off  and  later  on  atrophies;  the  upper  part 
is  gradually  lifted  up,  as  the  edges  of  the  wound  are  brought  closer  to- 
gether. The  upper  portion  is  raised  above  the  general  niveau,  degenerates 
and  is  cast  off.  After  three  weeks  it  is  scarcely  possible  to  follow  the 
entire  course  of  the  wound.  In  the  central  portion  •there  is  an  uninter- 
rupted continuance  of  lamellae,  only  here  and  there  does  one  see  obliquely 
arranged  long  drawn  out  fibres.  Toward  the  surface,  the  membrane  desce- 
meti  is  wanting,  and  an  indipping  of  epithelium  marks  the  line  of  incision. 
Internally  the  conditions  are  relatively  the  same;  Bowman's  membrane 
does  not  close  again. 

d.  Where  there  is  a  sclero-comeal  wound,  the  conditions  are  more 
complicated,  since  we  have  here  a  wound  of  cornea,  sclera  and  conjunctiva. 
The  conjunctival  wound  soon  becomes  agglutinated,  so  that  the  sclero- 
comeal  wound  heals  under  the  conjunctival  flap.  With  perfect  asceptic 
precautions  there  is  scarcely  any  hyperaemia  or  swelling  of  the  conjunctiva, 
and  in  a  few  days  there  comes  into  view  a  blueish  scleral  cicatrix,  which, 
if  the  case  progresses  favorably,  become  paler,  until  finally  it  will  no  longer 
be  discernible  by  the  difference  in  color.    (Jacobson.) 

At  both  the  inner  and  the  outer  segment  of  Jacobson's  flap,  to  which 
no  conjunctival  flap  remains  attached,  there  at  once  follows  a  hyperaemia 
of  all  the  vessels  which  enter  the  limbus,  and  soon  this  edge  of  the  flap 
becomes  cloudy  for  a  distance  of  2-4  mm.  The  cloudiness  is  in  the  neau- 
veau  of  the  vessels,  but  lies  immediately  Jtieoeath  the  epithelium.  This  is 
to  be  looked  upon  as  the  expression  of  a  reaction,  the  result  of  a  traumatic 
"Band  keratitis,"  which  is  necessary  in  order  to  briijg  about  a  proper  heal- 
ing of  the  wound.    (Jacobson.) 

On  the  corneal  side,  one  can  always  detect  a  faint  greyish  infiltration, 
depending  on  the  degree  of  irritation  to  which  the  entire  eye  is  subjected. 
On  focal  illumination  one  can  always  discern  that  the  corneal  tissue  is 
permeated  by  greyish  white  striations,  nearly  all  of  which  are  vertically 
arranged,  extending  far  into  the  cornea.  The  width  and  the  extent  of 
these  striations  stand  in  a  relative  proportion  to  the  amount  of  reaction. 
Where  an  iritis  or  an  irido-cyclitis  complicates  the  case,  horizontal  stri- 
ations will  be  added,  and  the  extent  of  the  network  so  formed,  and  its 
density,  will  act  as  a  gauge,  by  which  we  judge  of  the  seriousness  of  the 
process.  A  cornea,  however,  which  has  become  opaque  in  this  manner 
may  again  become  totally  clear  and  transparent,  and  give  us  optically  a 
perfectly  satisfactory  result. 

This  striated  condition  of  the  cornea  subsequent  to  cataract  extrac- 
tion was  formerly  supposed  to  be  due  to  a  swelling  or  loosening  up  of  the 
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corneal  tissue.  Heyman  believing  that  this  was  due  to  an  injection  of 
the  normal  lymph  channels  of  the  cornea.  Dr.  Carl  Hess,^^  as  the  result 
of  both  clinical  and  experimental  observations,  contends  that  this  appear- 
ance is  due  purely  to  mechanical  causes.  The  essential  anatomical  changes 
being  a  folding  of  the  deep  layers  of  the  cornea,  the  expression  of  which 
is  found  in  the  wavy  condition  of  the  deep  layers.  This  folding  being 
due  to  the  great  diflference  in  tension  between  the  vertical  and  horizontal 
meridian,  after  the  incision,  and  in  consequence  of  which  the  cornea  is 
\  compressed  from  side  to  side. 

I  "After  the  globe  has  been  incised,  the  vertical  meridian  of  the  cornea 

I  becoiries  very  great  as  compared  with  the  horizontal,  which  remains  almost 

I  static  nary.    The  trtith  of  this  can  be  proven  by  the  use  of  the  keratoscope. 

j  Tlie  first  few  days  subsequent  to  an  operation  one  finds  the  circles  elon- 

|.  gated  vertically  to  an  astonishing  degree.     As  a  result  of  the  difference 

I  in  the  corneal  tension  in  its  vertical  and  horizontal  meridian,  the  cornea 

I  is  compressed  from  side  to  side,  and  it  is  this  pressure  which  in  certain 

I  cases  is  sufficient  to  lead  to  the  corneal  striations,  and  accounts  for  the 

I  wavy  contours  of  the  deep  layers.     It  would  hardly  seem  necessary  to 

j  state  that  in  some   comeae   more   than    others,    there    is    some   peculiar 

j  condition  present,  which  acts  as  a  predisposing  cause  for  the  occurrence 

I  of  these  folds.'* 

This  striated  keratitis  should  not  be  confounded  with  the  isolated 
irregular  greyish  lines  which  give  to  the  cornea  an  appearance  very  much 
like  the  irregular  tears  and  splits  in  the  corneal  surface  observed  in  super- 
I  ficial  keratitis  without  the  formation  of  blood  vessels.     These  markings 

are  not  observed  before  the  second  day,  and  as  a  rule  disappear  in  a  short 
!  time,  or  they  form  the  starting  points  for  small  ulcerations  on  the  inner 

!  surface  of  the  cornea.    Jacobson  believed  they  were  due  to  injuries  of  the 

j  inner  surface  of  the  cornea,  received  at  the  time  of  the  extraction.    Atten- 

tion is  once  more  called  to  the  erosions  of  the  epithelium  on  the  surface 
of  the  cornea,  at  the  time  of  the  operation.     It  is  also  stated  that  where 
the  bandage  has  not  been  removed  for  a  number  of  days,  and  the  wound  is 
;  healing  \idthout  the  slightest  irritation,  the  epithelial  covering  along  the 

j  entire  extent  of  the  flap,  and  even  beyond  it,  suddenly  splits  up  and  is 

I  cast  off  in  large  shreds,  only  to  be  regenerated  in  the  course  of  a  few  days. 

I  An  aetiological  impetus  could  not  l)e  found  in  the  operation.     This  de- 

I  scription  coincides  very  much  with  that  of  a  form  of  regular  remitting 

I  iBKllnlsche  und  ExperimenteUe  Studie  uber  die  Entstehung  der  Strelfen 

Homhaut  trubung  nach  Staar  Extraction.    Graefe  Arch.,  Vol.  XXXVIII   B   4. 
1802. 
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type  of  painful  keratitis,  which,  though  seldom  seen,  may  follow  intermit- 
tent fever,  and  this  was  even  described  by  the  ancients;  but  concerning  this 
form  modem  authorities  are  absolutely  silent.  (Becker  states  that  he  has 
never  seen  such  a  case.) 

Not  long  after  the  introduction  of  cocain,  operators  began  to  observe 
a  new  form  of,  until  then,  unknown  cloudiness  of  the  cornea,  and  especially 
after  cataract  extractions,  and  in  cases  which  showed  no  signs  of  irritation. 
This  subject  has  given  rise  to  a  great  deal  of  speculation,  investigation  and 
discussion.  Dr.  Carl  Mellinger,^^  after  reviewing  all  the  literature  on  this 
subject,  gives  us  the  results  of  his  experimental  investigations,  made  to 
determine  whether  it  is  the  cocain  or  the  sublimate  solution  which  gains 
access  to  the  corneal  tissue,  and  thus  produce  the  cloudiness.  He  con- 
cludes: 

"1.  Sublimate  solution  in  concentration  of  1-5000  causes,  where 
present  but  a  short  time  in  the  anterior  chamber,  a  passing  parenchyma- 
tous cloudiness  of  the  cornea.  But  if  present  for  a  length  of  time  a  more 
intense,  or  even  parenchymatous  cloudiness  results. 

"2.  The  cocain  alone  does  not  cause  a  corneal  cloudiness;  its  presence, 
however,  in  the  anterior  chamber  assists  in  bringing  on  the  sublimate 
cloudiness.  This  is  due  to  the  fact  that  cocaine  so  affects  the  epithelium 
as  to  make  it  permeable  to  fluid  in  the  anterior  chamber,  and  thus  opens 
the  door  for  fluids  to  reach  the  corneal  parenchyma;  further,  it  reduces 
the  intra-ocular  tension;  it  seems  to  induce  collapse  of  the  cornea,  and 
thus  makes  easier  the  entrance  of  sublimate  fluid  which  has  remained  be- 
liind  in  the  anterior  chamber. 

3.  The  passing  sublimate  keratitis  is  due  to  the  swelling  up  of  the 
lymph  space  system  of  the  cornea.  The  endothelium  being  lost,  the  cor- 
neal tissue  takes  up  the  aqueous  and  sublimate  solution.  A  permanent 
cloudiness  follows  where  the  sublimate  comes  in  direct  contact  with  the 
corneal  parenchyma.  Practically  which  Solution  is  to  take  the  place  of 
1-5000  sublimate  has  not  been  definitely  decided.  The  best  found  is  a 
3  per  cent,  boracic  acid  solution,  or  a  -J  per  cent.  Na  CI  solution.  These 
have  no  effect  on  the  comea.^^ 

N"ot  infrequently  after  the  evacuation  of  the  aqueous,  the  cornea  is 
filled  with  creases,  vertically  arranged  to  the  direction  of  the  incision,  or 
the  center  of  the  cornea  becomes  depressed  at  the  site  of  the  pupil  and  its 
immediate  periphery,  so  that  aside  from  the  vertical  folds,  there  will  be  a 


16  ExperlmenteUe  Untersuchungen  uber  die  Entstehung  der  in  letzer  zelt 
bekannt  gewordenen  tnibungen  der  Hornhaut  nach  Staar  Extraction.  Graefe 
Arch.,  Vol.  XXXVII,  B.  4,  1891. 
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number  of  concentric  grooves  of  greater  or  less  depth.  In  exaggerated 
cases  the  peak  of  the  cornea  will  be  depressed  funnel-like,  so  as  to  become  ^ 
the  deepest  point  of  the  corneal  surface,  whereas  the  periphery  is  still 
supported  by  the  iris.  In  such  a  case,  if  the  lens  is  now  removed,  not  only 
the  entire  cornea,  beginning  at  the  limbus,  but  also  the  iris  sinks  back- 
ward into  the  fossa  patellaris. 

In  the  less  serious  cases,  the  curvature  of  the  cornea  vrill  be  restored . 
by  the  ax?cumulation  of  the  aqueous,  without  any  further  sequelae.  The. 
formerly  depressed  place  will  still  remain  visible  for  a  few  hours,  owing 
to  the  increased  reflex.  (Jacobson.)  Whereas,  a  complete  collapse  will  leave 
for  days  a  faint  grey  cloudiness,  intersected  by  many  furrows,  which  will 
correspond  to  the  previous  folds.  It  is  not  at  all  an  infrequent  occur- 
rence that  the  cornea  will  remain  depressed  funnel-like  for  hours,  and  I 
(Becker)  have  observed  a  case  where  this  condition  persisted  throughout 
the  second  day.  The  cornea  remains  deprived  of  its  natural  glossiness  for 
several  days,  the  cloudiness  of  its  substance  lasts  longer,  without  the  case 
taking  an  imfavorable  turn.  Subsequent;  to  an  injury  with  extensive  loss 
of  vitreous,  we  not  infrequently  meet  with  this  condition;  likewise  in  cases 
in  which  prolapse  of  the  vitreous  takes  place  during  an  extraction. 

The  cause  for  this  greater  or  less  degree  of  collapse  of  the  cornea  is' 
not  to  be  sought  alone,  in  the  peculiar  condition  of  the  same.  The  fold- 
ing and  collapse  always  occur  to  a  greater  extent  where,  on  evacuation  of 
the  aqueous,  and  the  removal  of  the  lens,  the  space  thus  evacuated  is  not 
at  once  compensated  for  by  an  increased  fullness  of  the  vessels,  and  a 
moving  forward  of  the  vitreous.  But  as  has  already  been  explained,  the 
latter  can  only  occur  where  the  sclerotic,  owing  to  its  inherent  elasticity, 
is  able  to  draw  itself  together  to  a  smaller  volume,  and  the  vitreous  is  not. 
obstructed  in  its  forward  movement  by  a  pathological  diaphragm,  taking 
its  origin  from  the  ciliary  body.  Hence,  the  cornea  will  always  sink  in- 
ward, when  the  sclera  has  lost  its  elasticity,  and  becomes  rigid,  or  where 
the  vitreous  is  held  fast  by  cyclitic  bands.  If  the  cornea  is  not  supported 
from  behind,  it  is  not  able  to  withstand  the  atmospheric  pressure.  From ' 
this  collapse  we  can  not  conclude  that  there  is  a  general  marasmus  of  the 
eye,  but  rather  that  the  sclera  is  rigid,  or  that  adhesions  have  formed  be- 
tween the  iris  and  the  capsule  of  the  lens,  together  with  the  formation 
of  cyclitic  bands. 

Since  the  pressure  of  the  external  muscles  of  the  eye  and  the  orbicu- 
laris act  in  the  same  sense  as  does  the  elasticity  of  the  sclera,  they  may,  to 
a  certain  extent,  replace  the  latter,  and  this  will  explain  how  they  facili- 
tate the  pressing  forward  of  the  vitreous,  the  moment  the  anterior  chamber 
is  opened  and  the  lens  extruded;  whereas,  when  this  factor  is  eliminated 
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by  chloroform  narcosis,  we  more  frequently  meet  with  a  collapse  of  the 
cornea.  As  has  already  been  pointed  out,  the  same  causes  which  lead  to 
the  collapse  of  the  cornea,  also  lead  to  the  entrance  of  blood  and  air  into 
the  anterior  chamber  from  the  conjunctival  sac.  The  attempt  has  been 
made  to  explain  these  two  occurrences  by  saying  that  they  result  "ex  vacuo/* 

This  wrinkling  up  and  collapse  of  the  cornea  does  not  only  occur 
after  a  flap  or  Qraef e's  extraction,  but  even  after  a  simple  linear  extraction 
or  an  iridectomie.  If  one  were  to  choose  the  proper  case,  one  would  find 
that  after  a  paracentesis  the  aqueous  would  not  escape  without  the  appli- 
cation of  some  pressure  to  the  eye.  The  diflSculty  experienced  in  removing 
blood  from  the  anterior  chamber  is  due  to  this  lack  of  vis  a  tergo. 

This  view  of  the  subject  is  further  supported,  as  even  Jacobson  ob- 
serves, by  the  fact  that  collapsus  corneae,  in  all  its  various  gradations,  occur 
more  frequently  where  the  operation  is  done  under  chloroform  narcosis. 
It  is  well  known  that  an  eye  which  is  normally  distended  will  become  re- 
laxed, after  the  mere  entrance  of  the  knife  or  lance,  so  as  to  very  much 
increase  the  difficulties  of  the  operation.  Hence  I  (Becker)  do  not  entirely 
agree  with  the  views  of  Jacobson  or  Arlt. 

"Frequently  the  view  is  met  with,  that  there  must  be  a  peculiar  formation 
of  the  cornea,  an  abnormal  thinness,  a  senile  marasmus  of  the  same,  which  is 
the  only  or  important  cause  of  the  collapsus  comeae,  and  the  attempt  is  often 
made  to  explain  the  loss  of  an  eye  as  the  result  of  a  really  observed  or  sup- 
posed collapse  of  the  cornea.  They  even  went  so  far  as  to  declare  that  a  tender 
and  finely  folded  skin  ob  the  hands  and  chin  would  indicate  a  similar  condition 
of  the  cornea,  and  owing  to  this  condition  make  a  bad  prognosis.  I  will  not 
deny  that  in  old  people  the  cornea  may  deviate  from  the  normal  and  have  a 
reduced  thickness.  Just  as  we  may  determine  the  thickness  of  the  skin  by  the 
thinness  or  thickness  of  its  creases  or  folds,  so  likewise  can  we  observe  that  the 
thickness  of  the  folds  in  the  cornea  vary,  and  hence  are  Justified  in  reaching  a 
similar  conclusion,  Just  as  in  respect  to  the  skin.  Becker  has  found  by  direct 
measurement  that  there  may  be  a  reduction  from  the  normal  equal  to  0.25  mm. 
In  specially  selected  cases,  which  have  for  a  long  time  been  subjected  to  in- 
creased intra-ocular  tension,  not  only  the  cornea  but  also  the  sclera  is  thinned. 
As  a  matter  of  course,  a  thin,  marasmic  cornea  would  be  less  able  to  withstand 
the  atmospheric  pressure.  Hence,  when  there  is  an  abnormal  cornea  a  collapse 
would  naturally  follow  much  easier.  In  other  cases,  where  the  surface  of  the 
cornea  has  its  normal  curvature,  we  do  see  some  cases  in  which  air  enters  the 
anterior  chamber.  Here  undoubtedly  the  external  and  internal  pressure  acting 
on  the  cornea  must  be  equal,  and  the  bubble  of  air  which  enters  the  anterior 
chamber  fills  up  the  vacuum,  and  thus  prevents  the  collapse  of  the  cornea.  It  is 
also  possible  for  blood  instead  of  air  to  occupy  this  space. 

"Though  I  do  not  believe  that  collapse  of  the  cornea  Is  something  to  be 
wished  for,  still  I  do  believe  that  its  dangers  have  been  greatly  overrated.    It 
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la  not  because  the  cornea  Is  marasmic.  and  but  poorly  disposed  to  such  ac- 
tivity, as  is  required  for  the  formation  of  a  cicatrix;  that  the  collapse  of  the 
cornea  is  followed  by  such  evil  consequences,  but  one  must  rather  look  upon 
these  folds  and  creases  of  the  Individual  tissue  elements  as  an  additional  com- 
plication of  the  trauma  produced  by  the  wound.  That  a  collapse  of  the  cornea 
may  last  for  quite  a  long  time  without  causing  any  evil  results  is  attested  by 
the  fact  that  I  (Becker)  once  observed  a  case  in  which  the  cornea  remained 
depressed  funnel-like  for  three  days  without  the  slightest  sign  of  an  iritis^  and 
went  on  to  perfect  restitution." 

ABNOBMAL  CONDITIONS  DEVELOPED  DUEING  THE  PROCESS 

OF  HEALING. 

Clinical  observation  teaches  us  that  the  healing  of  a  sclero-corneal 
wound  may  take  an  abnormal  course  in  a  three-fold  manner,  in  that  either 
the  cicatrical  tissue  which  binds  together  the  edges  of  the  wound  gives 
way  before  the  intra-oeular  pressure,  and  in  this  manner  brings  about  the 
so-called  cystoid  cicatrix,  or  the  iris,  or  a  tag  of  the  capsule,  becomes  im- 
bedded in  the  wound,  and  is  held  fast  in  the  cicatrix. 

a.  CYSTOID  CICATRIZATION.  Whereas,  as  a  rule,  subsequent 
to  a  linear  incision  made  with  a  lance  or  Graefe^s  knife,  a  narrow,  dense, 
homogenous  cicatrix  follows,  in  exceptional  cases  it  does  occur,  that  the 
apparently  reunited  edges  of  the  wound  separate  again  from  each  other, 
and  in  the  connective  tissue  which  thus  remains  loosely  connected  for  a 
long  time,  is  developed  an  ectatic  condition. 

In  the  beginning  the  process  of  healing  may  go  on  so  devoid  of  all 
irritation,  that  one  does  not  observe  the  split  in  the  wound,  through  the 
conjunctiva.  But  if  the  examination  is  made  with  a  magnifying  glass,  one 
will  observe  that  though  a  number  of  dense  strands  of  connective  tissue 
do  cross  the  wound  transversely,  still  between  the  strands  one  will  see  only 
a  very  thin  transparent  membranous  substance  filling  out  the  wound.  At 
these  points,  possibly  in  a  few  days,  in  other  cases  after  a  week  or  two,  the 
wound  begins  to  give  to  the  intra-ocular  pressure.  It  occurs  at  times  that 
the  process  develops  gradually,  after  the  patient  has  been  discharged  from 
the  hospital.  The  thin,  transparent,  membranous  substance  which  closes 
up  the  interspaces  between  the  strands  is  pressed  forward;  hence,  the  situ- 
ation of  the  wound  seems  to  be  filled  up  with  a  number  of  transparent 
vesicular  prominences.  Generally  this  interstitial  substance  ruptures,  and 
in  this  manner  the  aqueous  humor  is  permitted  to  escape  beneath  the 
eonjunetiva,  which  then  seems  to  be  raised  up  by  a  serous  fluid  from  the 
sclera.  This  may  take  place  many  months,  even  years  after  the  operation. 
The  above  has  been  taken  almost  verbaUm  from  Graefe's  description  of 
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cystold  cicatrization,  in  his  first  report  of  sequelae  of  glaucoma  operations,  and 
it  is  quoted  here  because  later  on  he  declared,  that  all  that  he  had  there  said 
was  also  true  of  the  scleral  extraction. 

The  vesicular  prominences,  which  are  the  result  of  the  eystoid  cica- 
trization, may,  under  certain  conditions,  attain  the  size  of  a  pea.  The 
opening  which  formg  the  point  of  communication  between  the  anterior 
chamber  and  the  vesicle  is  always  very  small.  When  they  have  existed  for 
a  long  time,  they  widen  at  their  base  so  as  to  extend  over  on  to  the  cornea 
as  well  as  into  the  episclera,  so  that  it  no  longer  can  be  looked  upon  as  an 
almost  closed  vesicle  with  a  very  fine  stem,  but  rather  as  one  situated  over 
a  wide  opening,  which  is  simply  covered  by  the  most  superficial  layers  of 
the  corneal  tissue,  which  undoubtedly  takes  its  origin  at  the  limbus,  in 
the  conjunctiva  and  episcleral  tissue. 

A  eystoid  cicatrix  does  not  occur  when  a  clean  corneal  incision  is 
made,  and  in  fact  has  only  been  known  to  occur  since  Graefe  commenced 
treating  glaucoma  by  making  the  iridectomie  incision  in  the  limbus.  Jacob- 
son  never  observed  this  occurrence  when  he  made  his  incision  for  an  ex- 
traction at  the  edge  of  the  sclera,  and  Graefe  mentioned  its  occurrence  for 
the  first  time  in  his  second  treatise  concerning  the  modified  linear  ex- 
traction. In  this  Graefe  says:  "The  injury  at  the  edge  of  the  sclera  only 
then  leads  to  eystoid  cicatrization  when  the  intra-ocular  pressure  is  in- 
creased. This  abnormal  healing  of  the  wound  has  lately  been  used  as  a 
weapon  against  this  operation,  especially  by  the  French  opponents  of  the 
Graefe  operation.   (Fano,  1259.)" 

Becker  says:  "From  my  own  experience  I  can  support  Graefe^s  view, 
as  I  only  had  a  eystoid  cicatrix  follow  in  a  single  case,  and  in  this  case  I 
made  the  operation  when  Basedow^s  disease  was  present.  All  the  other 
cases  which  are  known  to  me  are  taken  from  Arlt's  practice,  and  that  of 
my  predecessor  Knapp,  and  in  none  of  these  did  intra-ocular  tension  exist 
before  the  operation.  By  this  I  do  not  wish  to  deny  that  it  is  possible  for 
an  increased  intra-ocular  pressure  to  have  existed  and  still  have  been 
overlooked." 

"Though  Graefe  does  state,  that  where  eystoid  cicatrization  is  pres- 
ent, and  the  anterior  chamber  has  been  restored,  the  globe  is  always  soft, 
hence  he  assumes  that  the  aqueous  humor  must  escape  possibly  through 
the  membrane.  My  experience  has  been  quite  the  contrar};,  at  least  in 
long-standing  cases,  for  I  have  always  found  the  globe  to  be  quite  tense. 
Here  I  will  not  entirely  overlook  the  fact  that  such  a  eystoid  cicatrix  may 
for  many  years  rupture  periodically." 

6.  CICATEIZATIOX  OF  THE  ZEIS  IX  THE  WOUND.  Very 
probably  Von  Graefe  separated  the  eystoid  cicatrix  from  all  those  anoma- 
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lou8  changes  which  arise  in  consequence  of  incarceration  of  the  iris  in  the 
wound. 

Just  as  in  any  iridectomie,  some  of  the  iris  pigment  may  be  brushed 
off  and  remain  in  the  wound.  Such  a  pigmented  cicatrix  is  frequently 
seen  after  an  iridectomie,  more  frequently  where  the  puncture  is  made  more 
peripheric,  in  the  limbus  or  beyond  it.  The  more  peripheric  the  wound, 
the  easier  does  the  prolapse  of  the  iris  follow,  and  owing  to  the  involvement 
of  the  conjunctiva  the  channel  of  the  wound  is  deeper,  and  consequently 
pigment  is  more  easily  contained  in  the  cicatrix.  Hence,  we  can  under- 
stand how  it  happens  that,  after  an  extraction  at  the  sclero-comeal  edge, 
the  cicatrix  so  much  more  frequently  is  pigmented.  This  can  be  avoided- 
where  the  wound  is  carefully  cleansed;  the  enclosure  of  pigment,  however, 
is  not  detrimental  in  any  way. 

Especially  during  the  first  few  years  after  Graefe  introduced  his  oper- 
ation, it  frequently  happened  to  him  and  to  other  operators,  that  the  iris 
prolapsed  into  the  wound,  and  became  fixed  there  during  the  process  of 
healing.  During  the  process  of  healing  one  would  then  observe  in  one  or 
both  angles  of  the  wound,  a  small  blueish-black  spot,  which  either  lay 
exactly  on  a  level  with  the  cicatrix  and  remained  there,  or  it  gradually 
became  prominent,  like  a  small  button,  and  at  times  protruded  as  a  vesicle 
of  not  inconsiderable  dimensions.  Hence,  even  in  favorable  cases,  the  pro- 
cess of  healing  was  considerably  prolonged.  After  the  cessation  of  all 
signs  of  irritation,  we  had  before  us  a  picture  such  as  we  are  wont  to  see 
after  glaucoma  operations,  especially  where  the  operation  was  made  for 
acute  glaucoma. 

Naturally,  the  peripheric  position  of  the  incision  favored  the  prolapse 
of  the  iris;  hence,  Graefe  advised  that  the  excision  of  the  iris  should  be 
made  without  going  into  the  anterior  chamber  with  the  iris  forceps,  but 
simply  to  grasp  the  prolapsed  portion  of  the  iris,  and  where  a  prolapse  did 
not  occur,  this  was  to  be  induced  by  pressing  on  the  sclerotic  with  the 
forceps.  He  lays  down  the  rule  that,  we  should  only  cut  off  as  much  as 
has  prolapsed,  and  to  desist  from  any  effort  to  draw  the  iris  out  of  the 
wound,  and  that  that  which  does  not  easily  fall  forward  into  the  wound 
will  easily  draw  back  again,  but  for  my  part  (Becker)  I  will  admit  this 
to  hold  good  only  in  cases  where  there  is  reduced,  or  at  least  no  increased 
intra-ocular  tension.  In  such  eyes,  in  which  the  corneal  incision  is  fol- 
lowed by  a  sinking  in  of  the  cornea,  a  cicatrization  of  the  iris  in  the  wound 
never  follows.  If  the  eye  has  a  shining,  tense  appearance  after  the  oper- 
ation, so  that  the  iris  is  pushed  against  the  posterior  surface  of  the  cornea 
with  a  certain  amount  of  force,  or  if  increased  intra-ocular  tension  was 
diagnosticated  before  the  operation,  one  may  surely  count  on  the  iris  heal- 
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ing  in  the  wound,  if  one  does  not  carefully  excise  it  along  the  entire  length 
of  the  wound.  One  can  choose  but  one  alternative  in  such  a  case,  either 
to  make  a  wide  coloboma,  or  to  find  the  iris  cicatrized  in  the  wound.  Aside 
from  the  already  mentioned  prolongation  of  the  period  of  healing,  a  cieatr 
rization  of  the  iris  in  the  wound,  has  the  further  injurious  effect  of  caus- 
ing not  only  a  greater  or  less  disfigurement,  hut  it  becomes  a  source  of 
continuous  irritation,  the  extent  of  which  will  be  proportionate  to  the 
extent  of  the  prolapse. 

Though  no  prominent  iris  vesicle  may  form,  the  simple  fixation  of 
the  iris  in  the  cicatrix  is  suflBcient  to  cause  the  pupil  to  be  drawn  toward 
•the  wound.  Further,  one  will,  from  the  contour  of  the  pupil,  where  one 
can  not  detect  both  edges  of  the  cut  sphincter  of  the  iris,  by  this  condition 
alone  detennine  that  there  is  a  cicatrization  of  the  iris  in  the  wound,  even 
where  this  can  not  be  determined  externally. 

As  a  matter  of  course,  the  cicatrization  of  the  iris  in  the  wound  must 
exert  an  influence  on  the  curvature  of  the  neighboring  corneal  tissue,  and 
hence  influence  the  amount  of  vision  after  such  an  operation.  Since  a 
pupil  which  is  drawn  to  the  periphery  falls  in  the  area  of  a  less  regularly 
curved  portion  of  the  cornea,  and  hence  is  less  favorably  situated  for  good 
vision,  hence,  under  all  circumstances  the  cicatrization  of  the  iris  in  the 
wound  must  be  looked  upon  as  detrimental  to  the  sight  on  the  oper- 
ated eye. 

Owing  to  the  more  peripheric  position  of  both  Jacobson*s  and  Von  Graefe's 
iucision,  the  almost  unavoidable  occurrence  of  an  iris  prolapse  lead  these  oper- 
ators to  make  the  excision  of  the  iris,  before  opening  the  capsule,  one  of  the 
integral  steps  of  the  operation  of  extraction.    Even  in  the  old'flap  operation,  if 
the  incision  lap  too  far  in  the  peripherjf,  or  even  where  only  a  part  of  it  was  so 
located,  or  where  the  globe  was  too  tense,  not  infrequently  prolapsus  iridis  fol- 
lowed.   Already  Wenzel  incised  the  iris,  starting  from  the  pupillary  edge,  where 
the  escape  of  the  cataract  through  the  pupillary  area  was  connected  with  great 
difllculty.     Maunoir  incised  the  iris  vertically  in  cases  which  he.  found  It  im- 
possible to  replace  the  prolapse,  and  by  this  means  found  that  it  drew  back  of 
its  own  accord.    In  cases  in  which  the  lens  pushed  the  iris  pouch-like  before  it, 
Pourfoor  du  Petit,  and  later  Carron  de  ViUards.  excised  a  piece  of  the  iris  with 
a  scissors,  and  thus  made  an  artificial  opening  for  the  escape  of  the  lens.    The 
occasional  excision  of  the  Iris  after  the  extraction  of  the  lens  was  practiced  by 
Von  Graefe  and  .Tacobson.    In  all  these  cases  the  iris  lays  itself  with  its  surface 
in  contact  with  the  wound,  so  that  the  iris,  like  a  cloth,  Is  plugged  into  the 
wound  from  within.    Under  certain  conditions  the  aqueous  continues  to  press 
it  more  and  more  into  the  wound,  until  finaUy  It  extends  beyond  the  external 
level  of  the  wound.     It  may,  however,  become  fixed  at  any  point  along  the 
channel  of  the  wound,  at  Its  Inner  opening,  along  the  channel  of  the  wound,  at 
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its  outer  opening,  or  finally  it  may  be  pushed  forward  like  a  vesicle  beneath 
the  conjunctiva.  In  the  last  case,  the  prolaptni^  iridis  is  covered  externally  by 
the  conjunctiva.  This  finally  is  forced  apart,  and  we  find  an  atrophic  iris  tissue, 
and  finally  we  have  a  diverticulum  of  the  anterior  chamber,  which  is  connected 
by  the  latter  by  a  very  minute  fistula. 

This  surface  cicatrization  is  to  be  differentiated  from  the  cicatrization  of 
the  stump  of  the  excised  portion  in  the  wound.  As  a  rule,  this  latter  condition 
can  not  be  diagnosticated  during  life.  This  form  of  cicatrization  occurs  more 
frequently  than  at  the  edges  of  the  wound.  If  during  the  operation  the  iris  is 
transfixed  by  the  knife,  it  may  happen  that  a  shred  of  iris  will  remain  in  the 
center  of  the  wound.  Here,  then,  one  is  given  the  opportunity  of  studying  this 
form  of  healing  of  the  iris  in  the  wound.  Aside  from  a  pronounced  pigmentation 
of  the  cicatrix,  no  other  evil  results  of  this  mode  of  cicatrization  has  as  yet 
been  noted.  However,  this  cicatrization  of  the  iris  may  become  the  starting 
point  of  other  pathological  changes.  It  appears  that  just  the  minute  degrees 
of  this  condition  are  the  frequent  cause  of  chronic  recurring  iritis  and  irido 
cyclltis,  and  may  even  become  the  cause  of  a  sympathetic  opthalmia. 

The  cause  of  this  recurring  chronic  iritis,  irido-cyelitis  and  sympa- 
thetic opthalmia  has,  since  the  above  was  written,  been  explained  by 
Leber/"^  who  demonstrated  that  where  the  iris,  ciliary  body,  or  even  the 
capsule  of  the  lens,  cicatrized  in  the  wound,  they  gave  rise  to  slight  differ- 
ences in  the  niveau,  the  formation  of  slight  nodules,  and  the  epithelial 
covering  of  these  is  very  apt  to  be  stripped  off.  Now  should  a  microbic 
infection  take  place,  the  condition  is  produced  which  leads  to  inflamma- 
tion. This  has  been  conclusively  proven  by  the  further  investigations  of 
Wagenmann/"^*  who  has  shown  that  microbes  gain  entrance  along  fistulous 
tracts  years  after  an  apparently  siiceessful  operation.  Here  then  are  the 
conditions  which  lead  to  sympathetic  opthalmia,  and  no  plea  (for  great 
care  in  the  mode  of  making  the  incision,  the  strictest  care  in  the  toilet  of 
the  wound,  in  seeing  that  the  edges  are  free'  of  coagula,  that  the  iris  is  free 
and  in  its  proper  position,  and  that  its  edges  where  an  iridectomie  has 
been  made  are  not  lying  in  the  wound,  that  no  shreds  of  capsule  are  lying 
in  the  wound)  could  equal  in  impressiveness  a  careful  study  of  the  above 
quoted  investigations.  They  will  elucidate  a  whole  train  of  evil  resulta 
and  where  the  admonitions  are  observed  will  to  a  ver\'  large  extent,  if  not 
absolutely,  prevent  their  occurrence.  Strict  asepsis  during  an  operation  is 
(me  ffiingy  hut  who  can  watch  the  progress  of  cases  years  after  an  operation 


17  Uber  die  Intercellular  Lucken  des  vodern  Hornhaut  Epithels  in  normalen 
und  Pathologlschen  Zustanide.    Graefe  Arch.,  XXIV,  p.  24.   1878. 

iTatJber  die  operationsnarben  und  vernarbte  iris  falle  ausgehende  glas- 
korper  elterungen.    Graefe's  Arch.,  XXV,  B.  IV,  p.  110.    1880. 
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and  prevent  subsequent  infection,  especially  where  the  conditions  of  the  cicatrix 

of  the  wound  offer  an  opportunity  for  infection. 

Where  these  staphylomatouB  vesicles  become  very  pronounced,  it  often  be- 
comes necessary  to  excise  the  cyst  walls.  Though  this  procedure  may  seem  a 
very  simple  one,  it  can  not,  however,  be  undertaken  without  observing  the 
very  greatest  care.  Though  pressure  by  means  of  a  bandage  may  be  applied 
for  a  long  time  (Von  Graefe),  the  result  is  not  certain,  in  tha^  frequently  at  the 
point  where  the  iris  cyst  formerly  existed,  there  develops  afterward  a  cystoid 
cicatrix.  As  stated  in  the  beginning,  as  much  as  I  agree  with  Yon  Graefe  in 
separating  the  cystoid  cicatrix  from  the,  cicatrization  of  the  iris  in  the  wound, 
likewise  of  the  capsule,  it  nevertheless  does  occur  that  we  find  all  these  pro- 
cesses developing  one  next  to  the  other  in  the  same  eye.  The  iris  or  capsule,  or 
both,  which  become  fixed  in  the  wound,  are  the  cause,  that  adhesion  per  prlmam 
does  not  follow,  and  consequently  the  tissue  which  is  necessary  to  fill  up  this 
space  becomes  predisposed  "to  give,"  and  form  an  ectasie. 

Though  at  the  close  of  the  operation  the  iris  may  not  be  found  in  the 
wound,  still  it  is  possible  that  in  cases  where  the  aqueous  later  on  forces  the 
wound  open  again,  the  iris  may  later  on  be  washed  into  the  wound,  and  this  is 
more  apt  to  occur  where  there  is  increased  Intra-ocular  tension. 

c,  HYPERAEMIA  OF  THE  IKIS.  Only  those  phenomena  will  be 
considered  which  can  not  be  looked  upon  as  the  results  or  complication  of 
pathological  processes  occurring  in  other  parts  of  the  eye.  The  first 
changes  in  the  iris  show  themselves  even  during  the  operation.  After  the 
evacuation  of  the  aqueous,  but  more  so  after  evacuation  of  the  lens,  the 
iris  assumes,  just  as  it  does  in  many  cases  of  iritis,  a  darker  color,  and  at 
the  same  time  a  slight  discoloration.  The  latter  changes  become  more 
apparent  when  the  iris  has  a  light  rather  than  when  it  has  a  dark  color. 
Both  conditions  are  due  to  a  violent  injection  of  the  cihary  vessels,  which 
must  necessarily  follow  as  soon  as  the  pressure  on  the  tissue  is  removed. 
At  times  some  of  the  blood  vessels  of  the  iris  suddenly  become  visible,  or 
slight  hemorrhages  take  place  in  the  tissue,  or  in  the  anterior  chamber. 
If  no  complications  are  present  tliis  soon  disappears  after  restoration  of 
the  anterior  chamber. 

d,  SIMPLE  TRAUMATIC  OR  ADHE8IVE  IRITIS.  Where  atro- 
pine is  dropped  into  an  eye,  one  almost  invariably  finds  that  its  action  is 
entirely  abolished  at  the  time  of  or  during  the  fii-st  few  hours  after  an 
operation.  Only  gradually,  do  we  notice,  that  it  begins  to  exeri:  its  influ- 
ence again,  and  even  then  not  along  the  entire  extent  of  the  old  pupil  and 
its  coloboma.  The  two  sides  of  the  coloboma  seem  to  offer  the  greatest 
resistance.  In  favorably  progressing  cases,  we  notice,  on  making  our  even- 
ing  visit  or  the  following  morning,  that  the  pupil  and  coloboma  are  dilated 
regulariy.    In  other  cases  adhesions  are  noted.    This  can  onlv  occur  where 


333 
the  capsule  of  the  lens  and  the  edges  of  the  pupil  touch  each  other.  Hence, 
the  less  complete  the  evacuation  of  the  lens  has  heen,  and  the  longer  the 
time  elapsed  hefore  the  anterior  chamber  is  restored,  the  more  easily  will 
this  occur.  These  observations  indicate  that  but  a  very  short  time  subse- 
quent to  the  operation  is  sufficient  for  an  adhesive  iritis  to  develop  along 
the  edges  of  the  wound,  in  the  new  pupil,  and  at  single  points  along  the 
old,  and  this  manifests  itself  by  the  eariy  adhesions  between  the  wounded 
iris  surface  and  its  closest  neighboring  tissue  (be  this  a  shred  of  the  capsule 
or  minute  intra-capsular  remains  or  blood  clots).   (Jacobson.) 

If  we  desire  to  prevent  seclusion  of  the  pupil,  active  use  of  atropine 
.  is  indicated.     Such  synechia,  if  once  formed  along  the  edges  of  the  new 
pupil,  can  not,  in  most  cases,  be  broken  up  again. 

e,  PLASTIC  IRITIS  is  to  be  differentiated  from  the  adhesive  variety. 
This  likewise  sets  in  soon  after  the  extraction,  often  with  but  slight  sub- 
jective symptoms,  even  when  the  flap  wound  has  healed  normally,  and 
characterizes  itself  in  that,  to  begin  with,  there  is  little  cloudy  aqueous, 
yellowish  flakes  appear  in  the  pupillar}^  area  which  do  not  sink  to  the 
floor,  but  retain  their  original  position,  and  ver}*  soon  form  adhesions  with 
the  edges  of  the  pupil,  and  later  on  also  form  demonstrable  attachments 
behind  the  iris.  Such  yellowdsh  deposits  may  develop  inside  of  twenty- 
four  hours  on  the  anterior  surface  of  the  iris,  and  in  the  aqueous  without 
the  formation  of  a  fluid  pus.    (Jacobson.) 

Occasionally  one  observes  a  jelly-like,  yellowish  exudate,  like  the 
spawn  of  frogs,  which  first  appears  between  the  edges  of  the  wound,  and 
finally  gets  into  the  anterior  chamber.  It  may  accumulate  to  such  a  de- 
gree as  to  fill  out  the  entire  anterior  chamber,  at  the  same  time  showing 
such  a  slight  cloudiness  as  to  still  permit  one  to  distinguish  th*:  finer  lines 
on  the  surface  of  the  iris,  so  that,  one  inclines  more  to  the  belief  that  one 
is  deaUng  with  a  very  faint  cloudiness  of  the  cornea,  rather  than  an  exu- 
date on  the  iris.  Only  when  this  begins  to  contract,  and  the  peripher}'  of 
the  iris  becomes  clear,  does  it  become  evident  as  to  just  what  we  are  deal- 
ing with.  This  jelly-like  mass  continues  gradually  to  contract  more  toward 
the  edges  of  the  artificial  pupil,  and  at  times  is  so  completely  resorbed 
that  aside  from  a  perfectly  transparent  m,embrane  in  the  pupil  (capsular 
thickening),  and  a  few  synechia,  nothing  remains. 

Becker  states  that  he  observed  this  form  of  plastic  iritis  twice  in  dia- 
betic patients,  and  in  fact  only  where  the  cataract  was  tumescent.  It  seems 
most  probable  that  the  intensely  swollen  condition  of  the  lens  is  the  main 
cause  of  the  chronic  irritation  of  the  iris  and  the  iritis.  Chemosis  and 
swelling  of  the  lids  is  still  to  be  mentioned  as  occasional  occurrences,  but 
to  only  a  moderate  degree;  but  true  ciliary  pain  and  purulent  conjunc- 
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tival  secretion  are  entirely  wanting.    In  these  caseb  a  true  hypopyon  never 

occurs  (when  it  does  the  diagnosis  is  infection), 

f.  After  the  original  sclero-corneal  wound  has  closed,  after  the 
second  or  third  week,  a  form  of  iritis  n^^y  still  develop,  which  is  character- 
ized by  its  persistence  and  relapses.  Up  to  this  time  the  process  of  heal- 
ing may  have  appeared  to  be  perfectly  normal.  The  only  change  seems  to 
be,  that  the  eye  appears  injected,  and  the  iris  assumes  a  darker  color  or  a 
slight  discoloration.  Without  any  change  in  the  form  of  the  pupil,  ciliary 
injection  sets  in,  together  with  irritability  to  light,  tearing  and  pain.  It 
is  not  necessary  for  vision  to  be  reduced,  and  we  suddenly  find  a  slight 
hypopyon,  which  at  times  disappears  and  suddenly  appears  again.  If  the 
patient  lies  on  his  back,  the  hypopyon  disappears,  whereas,  as  soon  as  he 
moves  about  it  develops  again.  This  may  continue  for  days,  even  months. 
This  peculiar  form  has  been  observed  in  cases  in  which  the  capsule  was 
removed,  together  with  the  lens.  The  final  result  may  be  a  perfectly  good 
one. 

Owing  to  the  fact  that  the  Iris  shows  no  visible  changes,  that  the  hypopyon 
disappears  when  the  patient  lies  on  hiaisK&ck  and  develops  again  when  he  moves 
about;  and  finally,  that  it  develops  even  when  the  •capsule  .is  wanting,  and  also 
owing  to  the  pain  in  the  ciliary  region,  it  is  possible  t4iat  the  ciliary  body  is 
involved;  hence,  it  would  probably  be  more  correct  to  designate  this  form  as  a 
relapsing  irido-cycUtis,    All  therapy  seems  to  be  useless. 

The  above  description  is  undoubtedly  that  of  an  infection.  . 

g,  A  few  hours  after  an  operation  one  may  perceive  changes  in  the 
pupillary  area,  which  will  indicate  if  at  the  completion  of  the  procedure 
we  will  get  a  black  pupil  or  not.  Not  infrequently  it  happens,  that  though 
at  the  close  of  the  operation  the  pupillary  area  appears  perfectly  black,  we 
are  surprised  at  our  evening  visit  to  find  the  pupillary  area  "filled  with  a 
considerable  amount  of  cloudy  cataractous  remains."  Though  the  pupil 
appears  black  at  the  close  of  the  operation,  this  does  not  indicate  that  the 
entire  lens  has  been  removed.  If  the  examination  made  previous  to  the 
operation  proved  the  anterior  lamellae  of  the  lens  to  be  still  transparent, 
these  will  remain  adherent  to  the  capsule  at  the  time  of  the  operation,  and 
later  on  became  cloudy.  But  it  is  likewise  possible,  though  all  the  anterior 
layers  be  cloudy,  for  some  of  the  posterior  to  have  been  transparent,  and 
these  will  remain  adherent  and  unnoticed  after  an  extraction.  True 
we  term  as  cataracta  maiura,  a  lens  system  which  has  become  completely 
cloudy,  and  this  cloudiness  has  extended  to  the  anterior  chamber.  Just 
as  it  is  possible  for  the  posterior  cortical  substance  to  remain  cloudy  for 
years,  in  the  so-called  choroideal  cataract,  the  anterior  portion  remaining 
clear,  likewise,  it  is  possible  for  the  same  condition  to  occur  in  just  oppo- 
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site  form.  However,  we  do  not  as  yet  possess  the  means  of  making  a  diag- 
nosis of  such  a  condition.  This  condition  does  exist,  for  in  a  number  of 
cases  Becker  found  the  regular  radiating  arrangement  of  the  cloudy  re- 
mains of  lens  subs&nce  when  the  examination  was  made  at  the  evening 
visit. 

Frequently  cataxactous  remains  came  into  view,  which  at  the  time  of 
the  operation  wei-e  hidden  behind  the  iris.  After  the  wound  is  closed  and 
the  anterior  chamber  restored  they  may,  owing  to  their  tumescence,  appear 
in  the  pupillary  area,  or  where  an  iridectomie  has  been  made  in  the  aopea 
of  the  coloboma. 

Not  infrequently  it  is  impossible  to  get  the  pupil  entirely  clear.  Even 
in  these  cases,  on  making  the  first  visit,  the  quantity  of  cataractous  mass 
remaining  seems  increased,  undoubtedly  due  to  the  action  of  the  aqueous 
in  causing  it  to  swell  up. 

The  general  course  of  the  operation  largely  depends  on  the  amount 
of  cataractous  substance  retained.  Nevertheless,  it  is  very  difficult  to  de- 
termine just  how  much  cataractous  mass,  if  left  behind,  can  become  an 
element  of  danger.  Hence,  one  of  the  principal  objects  in  every  extraction 
must  always  be  to  remove  as  much  lens  substance  as  possible.  According 
to  many  operators,  the  condition  of  the  cataract  is  not  entirely  without  its 
infiueuce.  At  times  a  certain  variety,  a  sticky  (pasty)  consistence  of  the 
cortical  substance  in  catarada  nondum  matura,  at  times  the  pasty  mass  of  an 
overripe  cataract,  is  said  to  be  especially  dangerous.  There  does  not  appear 
to  be  a  uniform  agreement, of  opinion  on  this  point.  But  as  there  is  un- 
doubtedly a  chemical  action,  taking  place  in  the  secondary  disintegration 
of  the  cataractous  mass;  hence,  a  prioH  we  must  admit,  that  the  remains 
of  an  overripe  cataract  may.  act  in  a  detrimental  way,  o,wing  to  its  chemical 
constitution. 

As  a  rule,  cataractous  remains,  even  when  present  in  considerable 
amounts,  in  and  of  themselves  do  not.  cause  a  reaction  which  will  end  dis- 
astrously to  the  eye.  The  main  danger  undoubtedly  lies  in  the  fact,  that 
these  cataractous  remains  may  become  a  very  detrimental  complicating 
factor,  where  other  portions  of  the  eye  are  not  well  disposed.  In  this 
manner  the  attempt  has  been  made  to  explain  the  bad  prognosis  in  cases 
of  unripe,  especially  tumescent  cataracts.  In  these  jases,  even  before  the 
operation,  the  iris  is  irritated  by  the  swollen  lens,  and  from  this,  the  active 
reaction  sets  in.' 

Undoubtedly  the  most  frequent  sequelae  of  cataractous  remains  are 
posterior  synechia.  Aside  from  these  a  catarada  secundaria  nearly  always 
develops.  Cases  do  occur  in  which  the  pupil  remains  free  and  totally  black, 
and  in  which  after  complete  healing,  even  on  focal  illumination,  one  can 
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only  detect  a  somewhat  opalescent  membrane,  the  posterior  capsule,  but 
they  are  exceedingly  rare.  They  can  only  be  explained  by  supposing  that 
'  immediately  after  an  operation,  the  edges  of  the  capsule  draw  back  far  into 
the  periphery,  so  that  only  the  posterior  capsule,  entirely  free  cf  lens  sub- 
gtance,  remains  in  the  pupillary  area.  The  remains  of  lens  substance  left 
in  the  equatorial  region,  are  at  once  shut  off,  hence,  can  not  swell  up  and 
therefore  give  rise  to  no  further  trouble. 

.  h.  If  one  waits  a  certain  length  of  time  before  applying  the  bandage, 
or  if  from  any  cause  it  becomes  necessan-  to  remove  it,  one  will  at  times 
note  how  very  quickly  the  anterior  chamber  is  restored.  For  this  to  occur 
the  entire  length  of  the  wound  must  become  agglutinated,  and  further,  to 
have  attained  a  certain  amount  of  security.  If  at  the  next  visit  the  con- 
dition has  remained  unchanged,  it  becomes  very  probable  that  this  closure 
following  the  operation  will  remain  a  permanent  one. 

Paracentesis  of  the  anterior  chamber  has  taught  us,  that  a  very  few 
minutes  are  sufficient  to  permit  the  accumulation  of  a  requisite  amount  of 
aqueous.  If  the  anterior  chamber  is  punctured  so  as  to  evacuate  the  aque- 
ous at  regular  interv^als,  so  as  to  ease  pain  in  the  eye,  it  will  be  found 
necessary  to  repeat  this  procedure  every  four  or  five  minutes. 

In  most  cases  this  closure  of  the  wound  does  not  follow  so  quickly 
'subsequent  to  an  extraction,  or  at  least  is  not  of  a  permanent  character. 
Though  we  do  frequently  find  the  anterior  chamber  restored  on  making 
'  our  evening  visit,  still  one  may  expect  it  to  open  again  several  times  before 
it  finally  becomes  securely  closed.  Patients  state  that  after  they  have  ex- 
perienced a  slight  increase  of  tension  in  the  eye,  they  suddenly  experience 
a  stinging  pain,  following  which  the  pressure  seems  to  be  removed,  and 
at  the  same  time  they  experience  a  feeling  as  though  something  were  flow- 
ing out  of  theye.  The  aqueous  which  reaccumulates  must  reestablish  the 
intra-ocular  pressure,  and  unless  the  wound  closes  securely,  must  neces- 
sarily rupture  it  again. 

As  has  been  said,  in  exceptional  cases  the  wound  does  not  close  on 
the  first  day,  iso  that  on  making  our  visit  we  still  find  the  anterior  chamber 
abolished.  I  have  seen  such  a  condition,  which  is  generally  recognized  as 
following  glaucoma  operations,  follow  a  cataract  extraction,  and  continue 
for  four  or  five  days,  and  in  cases  where  everything  seemed  to  be  pro- 
gressing in  a  perfectly  normal  manner.  Jacobson  reported  ceses  in  which 
the  closure  did  not  take  place  during  the  first  few  weeks  (1.  c,  p.  194). 
During  this  time,  the  eye  must  not  necessarily  show  any  sign  of  reaction, 
and  the  result  without  exception  is  a  good  one.  One  must  not  imagine 
that  the  entire  surface  of  the  wound  remains  open,  but  there  is  possibly 
a  very  minute  point,  somewhere,  at  which  the  aqueous  is  continually  evac- 
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vating  itself,  or  there  is  possibly  a  valye-like  closure  which  periodically, 
permits  the  aqueous  to  escape.  Where  a  conjunctival  flap  has  been  made  . 
this  escape  of  aqueous  may  be  recognized  by  the  conjunctival  oedema. 
Where  a  purely  corneal  incision  is  made,  this  condition  is  always  entirely 
absent,  even  where  there  is  a  late  closure.  It  is  possible  for  the  anterior, 
chamber  to  be  restored,  even  where  this  conjunctival  oedema  is  present. 
This  takes  place  when  the  pressure  of  the  aqueous  beneath  the  conjunctiva 
is  at  least  equal  to  that  of  the  intra-ocular  pressure.  If  in  such  a  case  one 
punctures  the  conjunctiva,  the  anterior  chamber  will  be  aboUshed. 

That  the  entire  extent  of  the  wound  does  not  remain  open  is  attested 
by  the  fact,  that  it  presents  all  those  conditions  which  have  above  been 
described  as  being  present  where  the  progress  of  the  case  is  a  normal  one. 
True  one  would  suppose  that  the  point  where  the  wound  has  not  closed 
would  be  indicated  by  a  circumscribed  area  of  reaction,  still  I  (Becker)- 
have  never  been  able  to  find  one. 

The  cause  of  a  late  closure  may  lie  in  the  peculiar  formation  of  the- 
incision,  as  where  this  is  jagged,  and  hence  but  an  incomplete  apposition 
of  the  edges  of  the  wound  follow.  More  frequently,  however,  it  will  be 
found  that  remains  of  lens  substance  or  a  shred  of  the  capsule  of  the  lens 
has  gotten  in  between  the  edges  of  the  wound,  and  is  keeping  the  twjp  sur- 
faces separated,  and  thus  making  it  possible  for  the  aqueous  to  escape. 
These  eases,  which  terminate  favorably,  have  nothing  in  common  with 
those  cases  in  which  a  delayed  closure  is  caused  by  an  increased  intra- 
ocular tension.  Here  we  would  be  dealing  with  a  very  dangerous  compli- 
cation, which  had  been  overlooked.  Such  eyes,  if  they  heal  at  all,  do  so 
only  under  the  most  difficult  conditions.  Indeed,  one  ought  to  be  glad 
if  they  heal  at  all,  even  with  an  ectatic  cicatrix.  Here  the  same  conditions 
exist  as  they  do  in  glaucoma,  even  though  the  anterior  chamber  is  abol- 
ished, the  tension  of  the  globe  will  still  remain  increased,  vision  remains 
reduced,  and  the  result,  as  far  as  vision  is  concerned,  is  exceedingly 
doubtful. 

I  may  here  remark,  that  so  long  as  the  aqueous  escapes  it  is  impossible 
for  an  increased  intra-ocular  tension  to  develop.  It  seems  most  probable, 
that  the  increased  tension  which  arises  as  a  result  of  operative  procedure, 
must  be  a  most  detrimental  factor  in  cases  which  do  not  progress  favorably. 
Hence,  such  an  opening  in  the  wQund  may  be  looked  upon  as  a  regulator 
of  this  dangerous  intra-ocular  tension. 

i.  One  must  not  confound  abolition  of  the  anterior  chamber  with, 
the  condition  following  iritis  or  the  swelling  up  of  the  remains  of  lens 
substance,  which  in  the  first  few  days  folloA^ing  an  operation  make  the 
anterior  chamber  very  shallow.     Here  one  will  find  the  signs  of  an  iritis 
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or  swollen  up  remains  of  lens  substance.  The  aqueous  is  found  to  be 
especially  cloudy.  The  anterior  chamber  is  not  narrow  because  the  aque- 
ous is  being  constantly  evacuated,  but  because  the  iris  and  the  capsule  of 
the  lens  are  pressed  forward. 

On  the  other  hand,  an  unusually  deep  anterior  chamber  may  develop 
shortly  after  an  operation.  The  aqueous  may  remain  perfectly  clear,  the 
iris  lie  somewhat  deep  and  tremble  markedly.  Focal  illumination  will 
then  show  a  very  considerable  space  existing  between  capsule  and  iris. 
Such  eyes  heal  without  any  posterior  synechia,  and  good  vision  is  obtained. 
In  old  people,  on  whom  flap  operations  are  made  without  iridectomie,  in 
most  cases  the  pupil  is  narrow,  perfectly  round,  and  only  the  practiced  eye 
can  distinguish  the  trembling  of  the  iris,  which  lies  deeply  and  in  a  per- 
fect plane  behind  the  cornea,  and  owing  to  the  fresh,  clear  appearance  of 
the  eye,  recognize  that  he  is  not  dealing  with  a  case  of  luxation  of  the  lens, 
but  with  a  case  of  aphakia,  following  extraction. 

If  the  Iris  lies  deep,  the  pupil  wide,  and  the  aqueous  from  the  beginning^ 
abundant  and  cloudy,  one  will  observe  movable  opacities  in  the  anterior  portion 
of  the  vitreous,  a.nd  a  characteristic  blneish  red  peri-corneal  injection.  At  the 
Bame  time  tlie  globe  is  tense.  .Tacobson  observed  this  condition  in  hydropthal- 
mlc'eyefe.  This  is  explained  by  the  fact  that  owing  to  the  altered  conditions  of 
Intra-ocular  tension  subsequent  to  extraction,  a  profuse  exudate  follows  from 
the  dilated  vessels  of  the  distended  anterior  segment  of  the  eyeball.  Such  a 
hypersecretion  of  humor  aqueous  is  said  to  interfere  more  with  the  firm  healing 
of  a  flap  wound  than  with  the  final  general  result.  Puncture  of  the  anterior 
chamber  would  eventually  be  indicated  in  such  a  case. 

PEOCESSES  OF  HEALING  WITH  USTCOMPLETE  RESULTS. 
Since  the  object  of  an  extraction  is  to  remove  the  interference  with 
sight,  which  is  located  in  the  cloudy  lens,  hence,  all  final  results  which 
interfere  with  the  perfect  attainment  of  this  end  must  be  designated  as 
incomplete  results.  We  must,  howeyer,  diflFerentiatc  between  those  cases 
which  are  improved  by  a  second  operation  and  those  which  are  to  be  looked 
upon  as  lost,  so  far  as  sight  on  the  eye  is  concerned.  In  such  cases  the 
second  operation  is  always  made  for  secondary  cataract  (catarada  secun- 
daria). Such  a  cataract  may  exist  without  a  complication,  or  it  is  adherent 
to  the  iris;  hence,  at  the  same  time  a  catarada  accreta.  A  secondary  cata- 
ract may  be  complicated  by  other  changes  which  may  occur  after  an  oper- 
ation, such  as  the  fonnation  of  cyclitic  bands  and  detachment  of  the  vitre- 
ous. But  since  operations  made  on  these  complicated  eases,  as  a  rule,  are 
not  followed  by  good  results,  hence  it  is  advisable  not  to  count  these  cases 
in  with  those  of  secondary  cataract;  so  that  in  speaking  of  secondarj'^  cata- 
ract (Xaehstaar),  only  those  eases  are  included  which  are  operable. 
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a.  The  pure  secondar}^  cataract  is  only  the  result  of  the  sequence  of 
changes  which  takes  place  during  and  after  an  extraction  within  the  cap- 
sule of  the  lens,  and  is  confined  to  those  portions  of  the  lens  substance 
which  are  not  evacuated.  Hence,  if  one  may  so  express  it,  this  is  the 
product  of  a  pure  phakitis. 

Every  one  can  observe  how  the  lens  substance  which  escapes  from  the 
interior  of  the  capsule,  but  is  retained  within  the  anterior  chamber,  swells 
up  and  is  absorbed.  Every  oculist  should  see  to  it  that  the  iris  is  well 
dilated,  so  as  to  prevent  the  possible  formation  of  synechia.  If  they  are 
not  formed,  one  will  be  enabled  to  see  at  a  recognizable  distance  behind 
the  pupil,  a  grey,  membranous-like  cloudiness,  which  is  more  or  less  trans- 
parent, and  dependent  on  the  degree  of  its  non^transparency  vision  will 
be  proportionately  impaired.  If  the  pupil  is  dila+ed  one  can  easily  see  that 
this  cloudiness  increases  toward  the  periphery;  hence,  the  portion  which  is 
hidden  behind  the  iris  is  more  saturated  than  the  portion  in  the  pupillary 
area.  The  secondary'  cataract  is  thickest  in  the  equatorial  region  of  thie 
lens.  (The  reason  for  this  has  been  explained  in  the  third  part  of  this 
work.)  In  the  pupillary'  area  this  thickness  is  a  variable  quantity.  In  iso- 
lated spots  this  secondary  cataract  may  be  entirely  wanting.  At  times  such 
a  small  opening  is  suflFicient  to  enable  one  to  obtain  sufficient  vision. 

The  changeable  appearance  of  the  secondary  cataract  in  the  pupillary 
area  is  characteristic  of  the  pathological  changes  which  take  place  in  the 
remains  of  the  lens  substance. 

The  duration  of  the  phakitis  is  variable.  True,  we  discharge  a  cata- 
ract patient  as  well,  when  the  eye  looks  pale  and  the  pupil  relatively  clear. 
Weeks  or  months  later  the  patient  returns,  and  we  find  the  pupil  oeculated 
by  a  thick  secondary  cataract.  Years  may  elapse  without  any  change  tak- 
ing place  in  the  degree  of  vision,  without  our  being  in  a  position  to  deter- 
mine whether  or  not  any  change  has  taken  place  in  the  secondary  cataract. 
Then  suddenly  the  patient  notices  a  gradual  diminution  in  the  amount  of 
vision,  whereas  the  accompanying  symptoms,  the  irritability  to  light,  the 
pain,  the  tearing  and  ciliary  injection,  may  be  so  slight  as  to  be  scarcely 
noted  by  the  patient.  If  such  a  patient  conies  under  observation  at  this 
time,  one  can  see  a  punctate,  striated,  or  spotted  cloudiness  gradually  de- 
veloping in  the  pupil.  As  a  rule,  this  cloudiness  begins  near  the  point  of 
incision,  and  gradually  extends  toward  the  center  At  the  same  time  the 
iris  may  apparently  be  uninvolved.  (This  is  the  picture  of  the  tension  of 
the  cicatrized  iris  or  cap&wle  in  the  wound,  possibly  a  secondary  infection 
along  a  fistulous  tract.) 

There  is  a  peculiar  form  of  "drusige"  hyaline  thickening  of  the  origi- 
nally clear  capsule,  which  can  lead  to  a  very  material  reduction  of  vision. 
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On  use  of  the  refracting  opthalmoscope  one  can  discern  these  warty  ex- 

cressences,  and  on  moving  the  mirror  they  give  a  shiny  reflex,  but  are 
otherwise  transparent.  Repeated  examination  will  show  that  these  exist 
in  numbers.  These  conglomerations  cause  considerable  interference  with 
vision,  but  Becker  states  that  he  has  never  seen  them  change  to  total  opaci- 
ties. That  the  processes  which  take  place  in  a  pure  secondary  cataract 
are  confined  to  the  capsule  of  the  lens  and  those  lens  cells  which  remain 
behind,  is  attested  by  the  fact  that  the  neighboring  tissues  are  not  involved 
in  this  inflammatory  (?)  process. 

A  secondary  cataract  always  forms  where  the  capsule  is  not  extracted. 
The  slightest  folds  in  the  capsule  cause  reflexes,  hence,  it  becomes  self- 
evident,  that  there  must  nearly  always  be  an  improvement  in  vision  where 
the  cause  of  these  reflexes  is  removed.  But  whether  a  patient  will  desire 
a  second  operation  will  depend  largely  on  how  much  he  will  need  his  eyes. 
The  amount  of  vision  which  ought  to  be  attained  will  be  considered  later 
on.  Speaking  in  a  general  way  a  secondary  operation  is  indicated  when 
vision  is  reduced  to  6-60.  If  during  extraction  the  vitreous  puncture  (Hass- 
ner)  is  made,  and  no  reaction  follows,  vision  will  not  only  be  good,  but 
seldom  will  i^is  later  be  diminished. 

COMPLICATED  CATARACT.    PHTHISIS  BULBI  AND 
PANOPTHALMITIS. 

These  are  conditions  which  are  but  rarely  met  with  at  the  present 
day,  and  only  occur  when  an  infection  takes  place. 

A  complicated  cataract  may  be  the  result  of  an  iritis.  As  has  already 
been  mentioned,  its  slightest  forms  occur  very  frequently,  and  do  not 
always  lead  to  a  secondary  operation.  But  the  more  intense  the  reaction, 
the  thicker  will  be  the  secondary  cataract.  Just  as  soon,  however,  as  the 
symptoms  of  wound  reaction  set  in,  at  the  sclero-corneal  wound,  on  the 
iris,  in  the  pouch  of  the  capsule  or  in  the  ciliar}-  body,  the  active  develop- 
ment of  a  secondary  cataract  will  go  on,  and  finally  lead  to  occlusio  pupillae. 
According  to  the  extent  of  the  general  reaction  this  can  be  divided  into 
a  number  of  clinical  forms  of  disease.  However,  where  this  process  reaches 
a  certain  intensity,  all  those  tissues  which  were  involved  in  the  incision 
will  be  affected.  Depending  on  the  extent  of  the  general  reaction,  this 
will  lead  to  an  iritis  with  occlusion  of  the  pupil,  an  iridocyclitis  with  occltt- 
si  on  of  the  pupil,  together  with  the  subsequent  shrinkage  of  bands  of  connective 
tissue  in  the  vitreous,  a  purulent  inflammation  of  the  vitreous,  eliding  in 
phthisis  hulbi,  and  finally,  to  panopthalmitis,  the  groatly  feared  total  loss 
of  the  entire  eyeball,  or  a  suppuration  of  the  cornea. 
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1.  Let  lis  first  examine  the  changes  which  take  place  in  the  cornea. 
All  the  processes  of  wound  reaction  described  above  are  intensified,  and 
we  find  the  edges  of  the  wound  suppurating.  While  suffering  from  tear- 
ing and  irritability  to  light,  the  patient  complains  of  pain,  the  conjunctiva 
in  the  neighborhood  of  the  wound,  and  the  edges  of  the  wound  themselves 
swell  up.  From  the  second  day  on,  the  grey  stnations  in  the  cornea  in- 
crease, assume  a  more  yellow  color,  and  finally  either  a  circumscribed  por- 
tion or  the  entire  length  of  the  wound  becomes  infiltrated  with  pus.  Hav- 
ing reached  this  stage  of  development,  this  process  may  come  to  a  stand- 
still on  the  third  or  fourth  day,  gradually  retrogressing  again,  and  leave 
the  greater  portion  of  the  cornea  transparent.  Here  we  always  find  the 
iris,  the  capsule  sac,  and  very  often,  also,  the  corpus  ciliare  in  the  neigh- 
borhood of  the  wound  involved.  Depending  on  the  degree  of  ihe  process 
we  always  assume  the  involvement  of  the  above  structures;  this,  however, 
can  never  be  determined  until  the  cornea  has  commenced  to  clear  up.  To 
combat  this  suppuration  the  best  method  is  to  immediately  cauterize  the 

.corneal  wound  along  its  entire  extent  with  a  galvano  cautery.  The  an- 
terior chamber  should,  if  not  completely  open,  be  reopened  and  washed 
out  with  a  corrosive  sublimate  solution.  As  a  final  result,  one  always  finds 
the  sclero  corneal  cicatrix  drawn  in,  and  a  thick  secondary  cataract,  which 
in  its  entire  extent,  is  everywhere  adherent  to  the  peripher}^  of  the  iris. 
Owing  to  the  gradual  shrinkage  of  this  secondar}-  cataract,  which  is  con- 
nected ^vith  the  cicatrix  of  the  wound,  the  iris  is  gradually  drawn  toward 
it.  As  the  pupil  now  gradually  becomes  smaller  at  the  sides,  the  secon- 
dary cataract  Ukewise  appears  to  grow  smaller,  and  shows  vertical  stri- 
ations,  which  seem  to  be  continuous  with  the  striations  of  the  iris,  giving 
us  the  picture  resembling  tlie  arrangement  of  the  ribs  in  a  large  palm-leaf 
fan.  The  iris  presents  in  miniature  the  picture  of  the  so  commonly  used 
Japanese  fan. 

Weeks  and  months  may  pass-  before  this  process  has  run  its  course. 
All  this  time,  however,  the  tension  of  the  globe  remains  normal. 

2.  If  the  corneal  infiltration  does  not  remain  restricted  to  the  imme- 
diate vicinity  of  the  wound,  on  the  second  or  third  day  one  will  observe 
an  extension  of  this  striated  keratitis,  until  the  entire  cornea  may  finally 
become  infiltrated  in  a  tongue-like  manner.  There  can  be  no  doubt  now 
as  to  the  involvement  of  the  inner  portions  of  the  eye.  This  can  be  deter- 
mined by  the  extensive  chemosis  and  the  plastic  oedematous  swelling  of 
the  entire  conjunctiva  bulbi.  The  subjective  phenomena  are  also  very 
much  increased.  It  is  not  necessar\''  that  this  should  lead  to  complete 
suppuration  of  the  globe,  but  it  always  leads  to  the  formation  of  an  opaque 
corneal  cicatrix,  which  is  intimately  connected  with  the  iris,  and  to  a 


342 

thick  cyclitic  membranouB  cataract.  If  after  months  the  process  finally 
becomes  quiescent,  the  globe  may  retain  its  general  form,  but  its  intra- 
ocular  tension  will  be  found  to  be  reduced.  Notwithstanding  the  fact 
that  the  light  sense  may  still  be  present,  this  flattening  of  the  cornea, 
phthisis  corneae,  will  cause  every  operation  to  be  without  result. 

3.  This  tongue-like  infiltration  of  the  cornea  seldom  leads  to  suppu- 
ration of  the  same.  But  one  must  always  be  prepared  for  iuch  an  occur- 
rence, and  on  the  third  or  fourth  day  there  may  develop,  i  mm.  removed 
from  the  corneal  edge  and  concentric  to  the  same,  a  saturated  yellow  ring- 
like cloudiness  which  is  very  pronounced  (ring  abcess  of  Von  Graefe). 
Such  a  picture  seldom  develops  without  causing  a  necrosis  of  the  entire 
cornea,  and  the  much  feared  panopthalmitis.  An  ill  omen  which  appears 
at  the  same  time,  together  with  a  flabby  oedematous  swelling  of  the  con- 
junctiva, is  a  very  profuse  blenorrhoeic  secretion  from  the  same.  Naturally, 
such  a  profuse  purulent  infiltration  of  the  cornea  is  from  the  very  be- 
ginning associated  with  a  purulent  inflammation  of  ih4  im,  tlie  corpus 
ciliare,  the  choroid,  the  retina,  the  vitreous,  and  evcL  the  sclerotic.  We,  how- 
ever, only  make  a  diagnosis  of  panopthalmitis,  when  a  protrusio  huJbi,  a 
slight  exopthalmusw-jsulded.  This  latter  condition  is  the  symptom  which 
tells  us,  that  the  purulent  inflammation  has  extended  beyond  the  borders 
of  the  eyeball,  and  that  it  has  invaded  the  lymph  sac  of  Tenon^s  capsule, 
and  possibly  has  extended  into  the  orbital  tissue. 

Von  Graefe  (1.  c,  p.  189)  bas  given  us  the  foUowing  classical  description  of 
the  syniptomH  which  a  case  of  panopthalmitis  presents:  *'After  a  more  or  less 
indifferent  course  of  twelve  to  eighteen  hours,  seldom  thirtj-  hours,  a  gradually 
increasing  swelling  of  the  upper  lid,  together  with  the  formation  of  a  consider- 
able quantity  of  thin,  dirty,  yellowish  pus  develops.  This  latter  consists  less 
of  the  secretion  of  the  tear  glands  than  of  a  transudation  from  the  conjunctival 
surface,  which,  together  with  the  epithelial  detritus  and  pus  cells,  forms  a  some- 
what even  emulsion.  There  may  1>e  but  little  pain  at  this  time,  and  this  may 
depend  on  the  faint  reduction  of  the  general  sensibility  in  such  patients.  If 
one  separates  the  lids  at  the  very  beginning  of  the  disense,  a  portion  of  the 
secretion  which  was  hidden  beneath  the  lids  will  well  forth.  At  this  time 
neither  corneal  wound  nor  pupil  show  any  particular  anomaly.  However,  the 
entire  anterior  surface  of  the  eye  has  a  most  peculiar  yellowish  color,  due  to 
the  excessive  tilling  of  tlie  lymph  spaces  iu  both  conjunctiva  and  cornea.  The 
general  swelling  of  the  former,  and  the  adherence  of  the  'liquid  mass"  to  its 
surface,  gives  the  eye  the  ominous  ''washed  out"  appearance.  The  yellowish 
discoloration  of  the  cornea  is  due  to  the  filling  up  of  its  lymph  spaces  with  a 
yellowish  material.  Although  these  ''tubes"  seem  to  be  filled  with  purulent 
matter  in  the  most  pregnant  manner,  nevertheless,  in  the  l>eginnlng  this  Is  a 
very  thin  layer,  so  tliat  on  throwing  the  light  on  the  cornea,  this  has  a  "steam- 
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ing"  appearance.  Even  with  this  condition  present  the  anterior  chamber  may 
be  fully  restored,  for  truly  this  is  usually  the  case;  but  there  may  still  be  a 
fistulous  opening.  Whether  the  one  or  the  other  condition  is  present  depends 
largely  on  the  intra-ocular  pressure;  partly,  also,  on  the  condition  of  the  surface 
of  the  wound.  Where  this  infiltration  develops  suddenly  and  intensely  on  the 
edges  of  the  sdero-comeal  wound,  and  also  in  the  sub-con Junctival  portion,  this 
will  lead  more  easily  to  closure  of  the  anterior  chamber;  whereas.  If  the  process 
spreads  more  rapidly  along  the  surface,  the  anterior  ehaml>er  will  not  be  so 
easily  resored,  and  will  soon  lead  to  a  culminating  point." 

4.  At  times  one  can  discover  important  phenomena  on  the  iris  before 
the  cornea  is  involved,  or  shows  any  signs  of  cloudiness.  In  the  beginning 
the  aqueous  is  cloudy,  the  iris  discolored,  and  shows  signs  here  and  there 
of  yellon-ish  spots,  and  finally  hypopyon  develops,  a  true  acute  suppurative 
iritis.  Later  on  the  cornea  becomes  cloudy  in  its  entire  extent,  but  ne- 
crows  of  the  same  seldom  follows.  Frequently  the  wound  which  has  closed 
opens  up  again,  and  a  drop  or  two  of  pus  will  be  found  exuding  from  the 
wound. 

It  is  possible  for  a  case  of  suppurative  iritis  to  heal  with  a  perfect 
retention  of  form,  normal  tension  of  the  globe,  light  sense  retained  and 
good  projection.  But  nearly  always  there  is  developed  a  thick  secondary 
cataract,  in  the  formation  of  which  the  ciliary  body  participates;  ^11,  I 
have  seen  cases  attain  perfect  restitution  of  sight  without  undergoing  a 
second  operation. 

It  goes  without  saying  that  the  capsule  plays  a  very  important  role 
in  the  entire  process.  It  depends  entirely  to  how  great  a  degree  the  ciliary 
body  is  involved,  how  thick  the  cyclitic  bands  behind  the  lens  are,  whether 
the  vessels  in  the  same  will  become  obliterated,  and  whether  the  vitreous 
body  will  shrink,  what  degree  of  benefit  operative  interference  would  give 
to  the  patient.  An  estimate  concerning  these  conditions  in  an  eye  may 
be  formed  by  testing  the  tension  of  the  globe.  Whether  an  eve  can  be 
made  to  see  or  not,  depends  on  these  factors. 

5.  Cyclitis  assumes  an  important  role,  and  in  the  cases  in  which  kera- 
titis and  iritis  are  most  pronounced,  the  prognosis  largely  depends  on  the 
development  of  this  complication.  But  cyclitis  may  disclose  itself  as  the 
primar}'  and  most  important  symptom,  and  in  a  very  severe  form. 

In  such  a  case,  during  the  first  few  days,  neither  cornea,  iris  or  pupil 
will  show  any  suspicious  signs.  It  is  only  after  one  believes  that  all  the 
danger  is  past,  that  on  the  fourth  or  fifth  day  the  eye  becomes  reddened. 
Whereas  the  cornea  appears  clear,  the  iris  begins  to  take  on  a  darker  color,' 
and  the  pupil  begins  to  show  a  tendency  not  heretofore  observed  to  cata-' 
ract,  and  the  subjective  symptoms  irritability  to  light,  spontaneous  pain 
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and  tenderness  to  pressure  begin  to  develop.  To  this  may  be  added  a 
gradual  hyperplasia  of  the  cells  in  the  capsule,  and  even  to  a  greater  for- 
mation of  flakes  in  the  vitreous;  likewise,  an  exudation  in  the  anterior 
chamber,  as  well  as  a  simple  cloudiness  of  its  contents,  to  which  may  be 
added  pus  and  blood. 

The  characteristic  feature  of  this  process  is  its  exceptional  obstinacy. 
Notwithstanding  all  this,  it  may  cease  after  months,  leaving  but  a  very 
delicate  secondary  cataract,  which  even  in  a  case  where  exceptional  require- 
ments are  made  of  the  eye,  would  not  require  a  subsequent  secondary  cata- 
ract. On  the  other  hand,  it  may  lead  to  a  thick  secondary  cataract,  ad- 
herent to  the  iris  and  cy clitic  bands,  and  even  finally  result  in  phthisis  hulbi. 
This  latter  condition  even  develops  very  late.  Such  a  result  is  to  be 
feared  where  tenderness  to  pressure  »'ill  not  cease.  This  process  may  be 
complicated  by  detachment  of  the  retina  and  internal  hemorrhages,  thus 
finally  necessitating  enucleation. 

6.  The  vitreous  body  may  become  j^rimarily  affected  without  either 
iris  or  cornea  being  primarily  affected.    This,  as  a  rule,  occurs  when  there 
has  taken  place  a  prolapse  of  the  vitreous.     Becker  states  that  this  has 
occurred  in  cases  in  which  the  hyaloidea  had  not  ruptured,  and  the  vitre- 
ous had  simply  been  exposed  as  a  vesicle  in  the  wound.     Such  a  hernia 
corporis  vitrei  can  only  occur  where  a  tear  in  the  zonula  has  taken  place. 
On  the  second  day  one  can  see  yellowish  grey  shreds  extending  from  the 
pupil  into  the  vitreous.     The  wound  gaps  and  flakes  of  pus  exude.    In  a 
short  time  the  entire  pupil  is  filled  with  pus,  the  iris  discolored  is  pressed 
forward,  and  the  conjunctiva  is  chemotic.     It  is  a  very  noteworthy  fact, 
that  though  the  cornea  may  be  pressed  forward  to  such  an  extent,  by  the 
pus  in  the  anterior  chamber  as  to  form  a  perfect  angle,  it  nevertheless 
retains  its  transparency  except  along  a  narrow  edge,  along  the  line  of  the 
incision,  so  that  it  is  possible  to  observe  accurately  and  follow  nip  the 
gradual  vascularization  of  the  pupillary  edge  of  the  iris,  and  also  the  de- 
velopment of  blood  vessels  in  the  purulent  mass  in  the  pupillary  area. 
Naturally,  swelling  up  of  the  lids  and  plastic  chemosis  are  present,  but 
only  to  a  moderate  degree.     The  globe,  however,  under  all  circumstances, 
retains  its  mobility,  and  a  proirvsio  hulbi  never  occurs.     Sensation  to  light 
may  be  retained  for  a  few  days,  but  disappears  on  the  fourth  or  fifth  day. 
It  is  possible  for  such  a  purulent  inflammation  of  the  vitreous  to  be 
followed  by  total  retention  of  the  form  of  the  glob?  of  sensation  to  light, 
and  even  normal  tension.    In  these  cases  the  wound  closes  toward  the  end 
of  the  second  week  without  the  development  of  increased  intra-ocular 
tension.    In  these  cases  one  is  justified  in  the  belief  that  the  process  was 
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restricted  to  the  anterior  half  of  the  vitreous.  As  a  rule,  in  course  of  time 
^minished  intra-ocular  tension  develops. 

If  this  discharge  of  pus  continues  for  any  length  of  time,  sensation 
to  Ught  will  be  totally  abolished,  even  before  the  wound  closes,  more  fre- 
quently,  however,  after  it  has  closed.  During  this  time  the  eye  has  a  hard 
peculiar  increased  resistance  to  the  touch.  It  does  not  feel  hard,  but  gives 
one  the  impression  that  its  coats  have  lost  all  their  elasticity. 

The  further  course  continues  but  slowly.  The  pains,  which  have 
never  been  severe,  after  the  wound  closes  become  markedly  increased.  As 
a  consequence,  the  general  health  of  the  patient  does  not  suffer,  and  the 
absence  of  pain  helps  to  keep  up  his  hope.  When  the  last  exacerbation  of 
pain  ceases,  the  swelling  of  the  lids  disappeiBO^.  The  infiltration  of  the 
conjunctiva  continues,  although  the  oedema  disappears.  Gradually  the 
anterior  chamber  is  restored,  the  vessels  of  the  iris  and  pupillary  area  are 
no  longer  visible,  the  tissue  which  occludes  the  pupil  gradually  assumes 
a  grey  color,  and  is  reduced  to  a  small,  vertical  band.  From  now  on  the 
tension  of  the  globe  gradually  diminishes,  and  phthisis  comeae  and  htiJbi 
develop.  Six  to  eight  weeks  elapse  before  the  recti  muscles  begin  to  leave 
their  impress,  and  months  pass  before  the  process  of  shrinkage  comes  to  a 
close.  During  all  this  time  the  eye  is  moderately  sensitive,  the  conjunctiva 
especially  around  the  cornea  is  deeply  injected,  and  as  a  rufe  the  palpebral 
fissure  is  kept  closed. 

7.  Hemorrhages  which  occur  during  the  process  of  healing  are  to  be 
differentiated  from  those  which  have  already  been  mentioned.  They  have 
never  been  observed  following  a  flap  extraction  unless  associated  with  a 
rupture  of  the  wound  or  due  to  a  trauma.  Hence  it  seems  we  must  seek 
their  cause  in  the  peripheric  position  of  the  incision  and  the  iridectomie. 
This  same  occurrence  has  been  noted  where  a  simple  iridectomie  is  made. 
Xot  unfrequently  they  pass  off  without  any  evil  consequences,  especially 
when  the  hemorrhage  has  been  a  slight  one,  but  where  this  has  been  severe 
it  is  nearly  always  followed  by  iritis  (Snellen).  But  if  hemorrhages  which 
appear  to  be  very  severe  recur,  they  may  lead  to  verj-  unpleasant  results. 

As  a  rule,  these  hemorrhages  take  place  in  i;he  anterior  chamber, 
much  less  frequently  do  they  occur  as  minute  or  large  ones  into  the  ^atre- 
ous.  The  prognosis  becomes  all  the  worse,  the  more  reason  one  finds  for 
their  not  being  the  result  of  trauma.  It  can  not  be  doubted,  that  especially 
during  sleep,  patients  unconsciously  rub  the  healing  eye.  At  times  they 
admit  it.  If  we  will  eliminate  these  cases,  the  following  cause  may  be 
enumerated  with  more  or  less  certainty: 

(1)  Bepeatedly  ha\e  such  hemorrhages  been  observed  where  the  an- 
terior chamber  was  suddenly  restored,  after  having  been  abolished  for  a 
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considerable  length  of  time.  The  hemorrhages  were  never  great,  and  never 
were  followed  by  evil  consequences.  It  seems  probable  that  the  tension 
which  is  exerted  on  the  iris,  where,  owing  to  the  accumulation  of  aqueous, 
it  is  forcibly  pressed  backward,  one  of  the  new  formed  blood  vessels  is 
ruptured,  and  thus  gives  rise  to  the  hemorrhage.  The  patients  always 
state  that  they  felt  a  sudden  pain. 

(2)  If  at  times,  or  shortly  after  the  hemorrhage,  an  iritis  develops,  it 
is  more  than  likely  that  the  hemorrhage  is  the  result  of  a  previous  hyper- 
aemia  of  the  iris,  especially  since  cases  of  iritis  have  been  observed  in  which 
hemorrhages  did  occur  when  no  operation  had  been  made.  Owing  to  the 
great  rarity  of  spontaneous  hemorrh?ige  in  iritis  following  extraction,  one 
must  assume  as  a  second  cause  diseased  friability  of  the  blood  vessels  of 
the  iris. 

(3)  Together  with  Knapp  (A.  f.  A.  and  0.,  I,  p.  54)  Becker  considered 
a  predisposition  to  hemorrhage  as  the  main  cause  of  those  hemorrhages 
which  are  restricted  to  the  anterior  chamber,  and  which  become  danger- 
ous, owing  to  their  recurrence,  and  which  may  likewise  take  place  in  the 
vitreous.  Those  cases  of  cloudiness  of  the  vitreous  reported  by  Knapp 
(1.  c,  p.  57),  are  most  easily  accounted  for  in  this  manner.  According  to 
Knapp  such  hemorrhages  offer  a  very  bad  prognosis.  The  cause,  most 
certainly,  is  a  diseased  condition  of  the  vessels  which  existed  before  the 
operation,  and  this  can  not  always  be  diagnosticated.  The  final  result 
need  not  always  be  a  sad  one,  as  was  demonstrated  to  me  (Becker)  in  a 
case  in  which,  on  the  fourth  day,  a  large  hemorrhage  took  place  in  the 
vitreous  and  in  the  anterior  chamber,  accompanied  by  the  most  violent 
pains,  without  a  rupture  of  the  wound  taking  place,  and  only  a  quanti- 
tative perception  of  light  remained.  The  blood  in  the  anterior  chamber 
soon  disappeared,  though  the  resorption  of  the  blood  in  the  vitreous  re- 
quired months;  nevertheless,  finally  a  very  satisfactory  amount  of  vision 
was  restored.  In  operating  on  the  second,  a  preliminary  iridectomie  was 
made,  and  the  eye  healed  without  an  accident. 

The  opinion  has  been  expressed  personally  to  me  (Becker),  that  the  venous 
plexus  of  Leber  is  incised  during  the  operation,  and  that  the  hemorrhage  may 
arise  from  this  cause.  However,  I  have  never  found  such  a  condition  present 
as  would  warrant  such  a  conclusion  in  the  Innumerable  microscopical  sections 
which  I  have  examined. 

8.  The  relative  frequency  of  the  above  described  processes  of  heaUng, 
especially  those  in  wliich  a  good  result  is  not  attained,  is  dependent  to  a 
large  degree  on  the  manner  of  procedure  during  the  operation;  hence,  to 
speak  more  plainly,  on  the  operator  himself.  In  no  department  of  opthal- 
mology  does  the  difference  between  the  master  and  the  novice  become  more 
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apparent  than  in  the  operative,  and  here,  above  all,  in  the  performance  of 
a  cataract  extraction.  But  even  in  the  hands  of  the  most  skillful  all  cases 
which  have  apparently  had  a  similar  result,  after  being  operated  accord- 
ing to  the  same  method,  do  not  attain  a  similar  final  result.  '  Different 
individuals  after  undergoing  a  similar  operation  react  differently.  This 
idea  has  already  been  expressed,  where  it  became  necessary  to  separate  the 
simple  from  the  complicated  cataracts.  Likewise^  the  fact  deserves  men- 
tion  here,  that  the  second  affected  eye  offers  a  better  prognosis  than  the 
first  affected.  In  many  cases  the  individuality  of  the  operated  eye  is  re- 
sponsible for  a  poor  result. 

Becker,  as  the  result  of  the  microscopical  examination  of  human  eyes 
which  had  been  operated  on  for  cataract,  and  also  of  pigs'  eyes,  on  which 
he  had  experimentally  operated,  makes  the  following  important  obser- 
vations: 

Accurate  measurements  regarding  the  position  of  the  various  forms 
of  incision  in  the  edge  of  the  cornea  have  shown  very  interesting  differ- 
ences between  the  Daviel  and  the  Graefe's  incision.  In  making  a  Hap  ex- 
traction,  the  outer  edge  of  the  wound  should  not  touch  the  limbus.  In 
three  eyes  examined  the  wound  lay  1  mm.  from  the  limbus;  the  inner  edge 
of  the  wound,  therefore,  lay  2-2.25  nmi.  distant  from  the  insertion  of  the 
iris.  This  is  about  the  condition  which  should  exist  where  the  operation 
is  made  according  to  the  rule  laid  down.  In  the  Oraefe  extraction,  where 
the  outer  edge  of  the  wound  falls  in  the  limbus,  one  is  less  in  a  position 
to  measure  its  distance  from  the  edge  of  the  cornea.  The  mean  distance 
of  the  inner  edge  of  the  wound  from  the  iris  is  equal  to  about  1.25  mm. 
If  a  so-called  negative  incision  is  made,  it  is  found  to  lie  anterior  to  the 
limbus,  in  the  cornea,  and  in  carrying  out  this  method  the  inner  edge  of 
the  wound  is  farther  removed  from  the  insertion  of  the  iris. 

Frequently  a  glance  at  the  corneal  cicatrix  will  suffice  to  show  us  the 
method  which  was  employed  in  operating.  A  flap  extraction  made  with 
a  Beer  knife  goes  through  a  line  which  forms  an  angle,  of  varying  degree, 
with  the  radius  of  the  cornea,  hence  has  an  oblique  direction,  and  is  con- 
siderably broader  than  the  thickness  of  the  cornea.  It  lies  in  a  single 
plane,  and  in  transverse  section  shows  that  it  does  not  change  its  direction. 
However,  in  the  Graefe  operation,  after  making  the  contra-puncture,  the 
knife  must  be  turned  so  that  the  cutting  edge  looks  anteriorly.  In  doing 
this  it  is  not  always  possible  to  do  so  without  changing  the  direction  of 
the  cutting  edge  of  the  knife  several  times.  On  section  we  get  an  angular 
cicatrix,  if  the  section  is  taken  from  the  point  where  puncture  or  counter- 
pnncture  was  made.     But  we  can  even  recognize  a  Graefe  .-ncision  in  the 


section,  where  this  is  taken  from  the  center  of  the  line  of  incision,  because 
this  is  always  more  perpendicular  to  the  surface  of  the  cornea. 

An  angular  condition  of  the  incision  must,  under  certain  conditions, 
act  as  a  hindrance  to  an  exact  adaptation  of  the  two  surfaces  of  the  wound. 

The  tendency  of  a  corneal  wound  to  open  again  is  dependent  on  the 
height  of  the  flap.  This  tendency,  however,  is  increased  by  the  fact  that 
the  two  surfaces  where  these  lie  in  a  single  plane  glide  past  each  other 
more  easily,  and  give  more  easily  to  the  intra-ocular  pressure  than  where 
the  two  surfaces  fit  into  each  other  by  means  of  an  angle.  This  tendency 
of  the  corneal  portion  to  glide  past  the  scleral,  exists  both  in  practicing  the 
Daviel,  and  the  Graefe  method  of  extraction.  But  under  like  conditions  this 
gliding  past  each  other  seems  to  be  greater  where  the  flap  extraxjtion  is 
made,  than  where  a  peripheral  linear  incision  is  made.  According  to 
measurements,  this  difference  varies  from  0.12  to  0.30  mm.  The  younger 
the  individual,  and  the  more  recent  the  cicatrix,  the  greater  will  be  the 
dislocation;  but  it  appears  that  in  course  of  time,  this  may  equalize  itself 
again.  The  astygmatism  which  develops  after  an  extraction  depends  partly 
on  this  fact.  But  the  most  inconsiderable  thickening  of  the  corneal  tissue 
along  the  line  of  the  wound  is  not  without  its  influence.  Both  have  a  ten- 
dency to  grow  lees  in  the  course  of  a  few  months.  In  cases  where  the 
capsule  of  the  lens,  or  the  iris,  cicatrize  in  the  wound,  the  corneal  tissue 
undergoes  greater  reaction,  and  the  curvature  of  the  cornea  may  be  con- 
siderably altered. 

IRREGULAR  HEALING  OF  THE  WOUNDS.  The  normal  pro- 
cesses of  healing  of  a  corneal  wound,  may  be  modified  or  interfered  with 
by  the  entrance  of  foreign  substances  between  the  surfaces  of  the  wound. 
This  is  aided  by  the  peripheral  position  of  the  wound,  and  the  combining 
of  the  operation  of  iridectomie  with  that  of  extraction.  As  a  rule,  such  a 
wound  heals  slower,  and  though  the  final  amount  of  vision  may  be  good, 
still  during  the  first  few  months  this  acquired  asymetry  of  the  cornea  will 
make  itself  very  evident  to  the  patient  by  its  interference  with  sight.  In 
such  a  cicatrix  we  must  seek  for  the  causes  which  produce  signs  of  irrita- 
tion, which  may  not  begin  to  manifest  themselves  liutil  long  afterward, 
and  which,  together  with  other  pathological  conditions  which  may  follow 
in  their  track,  may  finally  become  fatal  to  the  existence  of  the  eye,  and 
even  threaten  the  other  eye. 

1.  Pigmentation  of  the  Cicatrix,  In  every  case  where  an  iridectomie 
is  made,  in  drawing  cut  the  iris  and  cutting  it  off,  some  of  the  pigment  is 
brushed  off  in  the  wound,  cicatrized  there,  and  these  pigment  cells  begin 
to   undergo   a   hyperplasia.     Even   where   a   flap   extraction   without  iri- 
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dectomie  is  made,  the  iris  may  prolapse,  thus  reeessitating  its  replacement, 
hence  the  pigmentation  where  no  iridectoniie  has  heen  made. 

Where  the  process  is  in  other  respects  perfectly  normal,  the  pigment 
is  found  as  small,  hlack  granules  in  the  cicatrix;  not  only  in  the  intra- 
cellular substance,  but  within  the  cells  themselves.  Hence,  it  can  not  be 
surprising  if  isolated  granules,  carried  by  the  lymph  stream,  are  found  in 
the  corneal  substance  itself.  This  pigment  does  not  in  any  way  interfere 
with  the  perfect  healing  of  the  wound. 

2.  Cicatrization  of  the  iris  in  the  wound.  The  more  peripheric  the 
incision,  the?  more  apt  is  this  to  occur.  Becker  states  that  in  seventeen 
anatomical  examinations  of  eyes  operated  by  the  flap  method,  the  iris  was 
held  in  connection  with  the  cicatrical  tissue  of  the  cornea  but  three  times, 
whereas  in  fifteen  peripheral  linear  extractions,  this  condition  was  met 
with  ten  times.    The  manner  of  its  enclosure  may  be  a  three-fold  one. 

In  both  methods  it  is  possible  for  the  iris  to  prolapse  into  the  wound 
and  cicatrize  there.  It  will  then  depend  on  the  extent  of  the  enclosure 
and  the  depth  to  which  the  iris  fills  out  the  wound,  how  great  the  inter- 
ference with  the  normal  processes  of  healing,  and  how  great  will  become 
the  density  of  the  new-formed  interstital  tissue.  Ever  since  extraction  has 
been  practiced,  has  the  attempt  been  made,  to  avoid  the  formation  of 
staphylomata.  Hence  the  necessity  for  making  a  clean-cut  excision  of  the 
iris;  a  care  to  prevent  this  cicatrization  of  the  iris  in  the  wound.  The  fre- 
quency of  this  latter  condition  is  shown  by  anatomical  examination  to  be 
very  great. 

CONDITIONS  OF  THE  CAPSULE.  Immediately  after  an  extrac- 
tion, the  incised  anterior  capsule,  in  the  pupillary  area,  is  in  contact  with 
the  posterior  surface  of  the  cornea,  whereas  in  the  periphery  it  is  in  con- 
tact with  the  posterior  surface  of  the  iris.  Being  separated  only  from  the 
anterior  capsule  by  the  lens  substance  which  has  remained  behind,  the 
posterior  capsule  is  forced  against  the  anterior,  by  the  vitreous  which 
presses  forward.  The  posterior  capsule,  which  formerly  was  convex  on 
its  posterior  surface,  now  is  convex  anteriorly.  This  must  likewise  be  the 
case  with  the  hyaloidea.  In  place  of  a  fossa  patellaris,  we  now  have  a 
coJliculus.  From  now  on,  the  radius  of  curvature  coincides  almost  with 
that  of  the  posterior  surface  of  the  cornea. 

These  conditions  are  all  changed  rs,  soon  as  the  corneal  wound  heals, 
for  the  aqueous,  as  it  accumulates,  pushes  the  iris  and  capsule  backward 
again.  If  finally,  in  the  strict  sense  of  the  word,  a  simple  secondary  cata- 
ract (see  page  339)  forms,  this  will  be  found  removed  about  1  mm.  pos- 
teriorly from  the  posterior  surface  of  the  iris.     The  capsule  of  the  lens, 
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owing  to  the  lose  of  its  contents,  and  which  gave  it  support,  will  appear 

folded.  ^      .  ^ 

Owing  to  the  insertion  of  the  zonula  fibres,  the  so-called  fixed  points 
can  not  alter  their  position;  or  if  they  do  this,  they  approach  each  other 
and  cause  folds.  This  folding  will  be  more  apparent  in  the  pupillary  area 
than  in  the  region  of  the  crystalline  pearls. 

Owing  to  the  incision  of  the  anterior  capsule,  its  condition  is  a  com- 
plicated one.  This  condition  assumes  great  importance  when  we  bear  in 
mind  that  a  piece  of  the  anterior   capsule   may   cicatrize  in  the  corneal 

wound. 

In  order  to  prevent  this,  some  idea  should  be  had  as  to  the  proper 
position  of  incising  the  capsule,  which  is  only  reached  under  difficulties. 
Gayet  attempted  to  solve  this  question  in  an  experimental  way,  and  Becker 
states,  since  he  could  not  obtain  a  copy  of  this  work  he  made  similar  ex- 
periments, using  pigs'  eyes  (as  fresh  as  possible).  Extractions  were  made 
according  to  the  various  methods,  and  using  various  instruments  to  open 
the  capsule.  The  eyes  were  then  hardened  in  MuUer's  fiuid  and  then  ex- 
amined. 

All  varieties  of  the  cystotome  were  used,  and  on  making  a  simple 
movement,  merely  a  jagged  angular  wound  was  made,  the  base  of  which  is 
perpendicular  to  the  position  in  which  we  permit  the  instrument  to  act  on 
the  capsule.  Per  example — ^If  the  instrument  is  passed  through  the  corneal 
incision  directly  to  the  opposite  side  of  the  pupil,  and  the  incisions  made 
exactly  upward,  we  will  find  that  we  obtained  a  triangular  flap  with  its  base 
hoTizontally  placed.  If  the  lens  is  now  extruded  through  this  three- 
cornered  opening,  the  base  will  become  enlarged,  the  flap  turns 
over  outwardly' and  is  in  great  danger  of  remaining  in  the  wound.  If,  on 
the  contrary,  the  instrument  is  passed  horizontally  across  the  capsule,  we 
get  a  three-cornered  flap  with  its  base  vertically  placed.  If  the  lens  is  now 
extruded,  the  capsule  will  be  torn  vertically  to  the  corneal  incision,  conse- 
quently this  flap  will  be  pushed  to  one  side  and  will  not  be  able  to  get 
into  the  wound.  One  can  judge  how  much  depends  on  the  sharpness  of 
the  cystotome  from  the  fact  that  it  can  be  felt  to  take  hold  and  let  go  of 
the  capsule  several  times  before  it  finally  penetrates  and  tears  it. 

From  such  incisions  and  tears  as  have  been  described,  one  can  easily 
see  that  these  flaps  have  a  tendency  to  turn  over  outwardly.  If,  instead  of 
a  single  incision  or  tear,  a  number  are  made,  these  can,  without  difficulty, 
be  brought  in  connection  with  the  number,  form  and  condition  of  the 
flaps.  In  general,  however,  the  relationship  is  the  same;  the  flaps  are 
turned  outwardly  and  thow  frequent  and  irregular  folds. 
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All  the  statements  regarding  the  cicatrization  of  the  capsule  in  the 

wonnd  were  substantiated  by  the  experimental  investigations  made  on  pigs' 

eyes. 

Adam  Weber's  and  A.  W.'s  experiments  are  to  be  mentioned  here. 
They  removed  entire  pieces  of  the  anterior  capsule  from  the  eye,  before 
delivering  the  lens.  In  cases  of  so-called  thickened  capsule,  this  can  be 
done  without  any  great  difficulty.  At  times  this  will  lead  to  the  desired 
end.i« 

THE   COMPLICATED    SECONDARY    CATARACT.     (CATARACTA 
SECUNDARIA  ACCRETA.) 

Strictly  speaking,  a  single  synechia  between  the  edge  of  the  pupil  or 
the  side  of  the  coloboma,  and  the  secondary  cataract,  is  sufficient  to  bring 
the  latter  within  this  class,  though  in  every  other  respect  this  is  a  simple 
secondary  cataract  so  far  as  the  processes  within  the  capsule  are  concerned. 
Such  a  synechia  may  influence  the  position  and  the  form  of  the  secondary 
cataract.  The  frequency  of  the  adhesion  between  iris  and  capsule  is  well 
known  to  all  observers.  As  has  already  been  repeatedly  stated,  frequently 
the  capsule  cicatrizes  in  the  corneal  wound,  and  thus  complicates  not  only 
the  woimd,  but  the  cataract.  In  most  of  these  cases,  the  stump  of  the  iris 
is  likewise  involved,  and  in  these  cases  the  enclosure  of  iris  aflid  capsule  are 
responsible  for  the  increased  reaction  which  leads  to  the  formation  of  a 
cicatrical  secondary  cataract,  which  takes  its  origin  either  in  the  cornea 
or  iris.  In  some  cases  the  ciliary  body  is  likewise  involved  in  this  low 
grade  inflammation,  which  leads  to  the  formation  of  connective  tissue 
bands,  which  are  stretched  across  the  eye  posteriorly  to  the  posterior  cap- 
sule and  connected  with  the  same. 

Owing  to  the  involvement  of  the  cornea,  iris,  ciliary  body  and  the 
capsule  of  the  lens,  in  such  a  secondary  cataract,  one  can  easily  comprehend 
why  it  is  that  such  an  inflammatory  process  will  only  cease  after  weeks,  or 
even  months.  The  more  complicated  the  structure  which  takes  part  in  the 
formation  of  the  cicatrix,  the  more  intense  will  be  the  shrinkage  which 
will  follow,  and  it  is  possible  for  the  secondary  cataract  which  is  cicatrized 
in  the  wound,  to  be  drawn  in  toto  to  the  side  of  the  wound,  so  that 
^Tetit's  Canar'  may  be  widened  to  an  extreme  degree  on  the  side  directly 
opposite  the  wound.  This  will  explain  the  fact,  why  it  happens,  that  at 
times,  where  a  complete  occlusion  of  the  pupil,  following  a  cataract  ex- 
traction, exists,  and  a  coloboma  is  made  diametrically  opposite  the  original 
incision,  a  space  will  be  found  which  is  entirely  free  of  the  secondary 
cataract. 

18  Nagel's  Yahresberlcht,  ISToTp.  393. 
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Histologically,  these  complicated  secondary  cataracts  are  made  up,  not 
only  of  the  products  of  lens  substance,  but  of  those  of  iritis,  cyclitis  and 
keratitis.  Hence  it  is  evident,  why  in  such  secondary  cicatrical  cataracts, 
aside  from  the  elements  deecribed  as  occurring  in  simple  secondary  cata- 
ract, we  here  find  connective  tissue,  pigment,  blood  vessels,  even  new- 
formed  bone. 

SEQUELAE  OF  TENSION  AND  SHRINKAGE  OF  THE  CATA- 
RACTA  SECUNDARIA  ACCRETA.  The  evil  results  of  a  secondary 
cataract,  which  is  attached  to  neighboring  structures,  are  not  alone  confined 
to  interference  with  vision.  Only  too  often  do  we  find,,  in  this  attachment, 
and  shrinkage  of  this  cicatrical  tissue,  which  in  course  of  time  must  follow, 
the  destructive  element  which  in  course  of  weeks  not  only  threatens  to 
destroy  the  perception  of  light,  but  which  leads  to  recurring  inflammation 
which  may  finally  totally  destroy  the  shape  of  the  eyeball.  And,  what  is 
still  worse,  the  painful  signs  of  irritation  which  are  the  result  of  the  shrink- 
age of  the  secondary  cataract,  which  may  lead  to  sympathetic  irritation  of 
the  second  eye. 

A  single  simple  posterior  synechia  changes  the  normal  position  of 
the  secondary  cataract,  in  that  it  is  drawn  forward.  In  its  turn,  this  causes 
the  formerly  perfectly  flat  anterior  surface  of  the  vitreous  to  become  more 
or  less  convex-  The  vitreous,  however,  may  form  a  slight  convexity  in  the 
fossa  patellaris,  even  where  no  adhesions  have  formed,  and  in  cases  in  which 
the  crystalline  pearl  is  very  thick. 

If  the  secondary  cataract  is  very  thick  and  posterior  s}Tiechia  exist, 
the  iris  may  be  drawn,  funnel-like,  backward — a  condition  which  is  met 
with  at  times. 

The  greater  the  amount  of  new-formed  tissue  in  this  secondary  cata- 
ract, the  greater  will  be  the  extent  of  its  shrinkage,  aud  the  longer  will  the 
irritation  continue,  which  will  be  exerted  on  the  ciliary  body.  In  the  few- 
est  cases  will  this  irritation  be  ended  at  the  time  the  patient  is  discharged 
from  the  physician's  care.  Though  accommodation  no  longer  exists  after 
a  cataract  extraction,  nevertheless,  the  muscular  contractions  of  the  ciliary 
body  undoubtedly  go  on,  when  an  attempt  is  made  to  see  objects  distinctly 
which  are  close  by;  hence  this  will  also  explain  the  evil  results  which  may 
be  exerted  as  a  result  of  stopping  the  use  of  atropine  too  soon;  likewise,  by 
permitting  the  patient  to  use  his  cataract  glasses  too  soon. 

In  complicated  cataracts,  the  conditions  are  still  more  unfavorable, 
since  the  ciliary  body  not  only  draws  on  the  corneal  cicatrix,  through  the 
medium  of  the  zonula,  but  also  by  means  of  the  iris  attached  to  the  cap- 
sule. Hence  in  such  cases  the  indications  are  to  leave  the  eye  at  rest  as 
long  as  possible. 
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CYCLITIS.  The  products  have  already  been  consideried  in  speaking 
of  complicated  cataracts.  Here  we  must  differentiate  between  the  direct  in- 
flnence  of  those  Ughter  forms  involved  in  the  formation  of  secondary  cata- 
ract and  those  severe  forms  due  to  infection  which  lead  to  purulent  degen- 
eration of  the  vitreous  and  panopthalmitis;  and,  further,  those  changes 
which  are  due  to  the  shrinkage  of  these  cycUtic  products  and  lead  to  detach- 
ment of  the  ciliary  body  and  detachment  of  the  retina. 

DETACHMENT  OF  THE  VITREOUS.  This  may  occur  in  a  two- 
fold manner;  it  may  be  acute  or  primaiy,  chronic  or  secondary.  Iwanoff 
found  in  quite  a  number  of  cases  which  seemed  to  have  healed  under  per- 
fectly normal  conditions,  twelve  to  twenty  days  after  extraction,  a  detach- 
ment of  the  vitreous  from  the  retina  equal  to  several  millometree  in  the 
region  of  the  posterior  pole.  It  seems  easy  to  attribute  this  to  the  sudden 
escape  of  aqueous  and  lens,  at  the  time  of  extraction.  This  detachment 
was  found  th  be  greatest  in  eyes  examined  soon  after  the  extraction.  If 
this  detachment  occurred  at  the  moment  of  extraction,  one  can  not  very 
well  understand  why  a  hemorrhage  did  not  occur  more  easily;  since,  how- 
ever, this  did  not  occur,  it  is  more  probable  that  the  detachment  resulted 
from  the  gradual  contraction  of  the  vitreous,  which  was  greatly  distended 
at  the  time  aqueous  and  lens  were  evacuated. 

A  great  deal  more  is  known  concerning  the  cause  of  detachment  of 
the  vitreous,  s&  a  result  of  the  contraction  of  new  formed  cicatrical  tissue 
and  blood  vessels  which  are  found  in  the  anterior  half  of  the  vitreous. 
Here,  again,  we  are  dealing  with  the  results  of  the  contraction  of  the 
infiltrated  vitreous,  subsequent  to  inflamma.tory  processes.^ 

DETACHMENT  OF  THE  CILIARY  BODY.  This  likewise  is  due 
to  the  contraction  of  the  cyclitic  bands,  which  extend  across  the  eye  from 
side  to  side  posterior  to  the  capsule. 

DETACHMENT  OF  THE  RETINA.  It  has  been  abundantly 
proven  that  these  cyclitic  bands  likewise  lead  to  detachment  of  the  retina.^** 

GLAUCOMA. 
Cases  of  glaucoma  may  develop  immediately  after  a  cataract  extrac- 
tion, during  the  healing  of  the  operative  wound,  and  it  is  not  possible  in 
every  case  to  give  a  satisfactory  explanation  as  to  its  cause.     Rumsche- 
witsch  ^  states  that  these  cases  are  not  as  rare  as  one  would  suppose,  and 
he  reports  three  eases,  in  one  of  which  the  lens  was  removed  in  its  cap- 
is  See  Iwanoff  Arch.  f.  Opth.,  XV,  2,  p.  59-60. 
i^aErik  Nordenson.    Die  Netzhaut  ablosung.    Wiesbaden,  1887. 
20  Zur  Gasuistick  des  Glaucoma  nach  Staar  Operationen.  Zehender's  Monats- 
blatter,  June,  1896. 
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Bule.     H.  Pagenstecher  ^  states  that  this  condition  usually  follows  in  the 

first  few  days,  subsequent  to  the  use  of  atropine;  hence  great  care  in  the 

use  of  this  mydriatic  is  indicated.    Such  eyes  may  never  have  shown  signs 

of  hypertonia,  but  frequently  in  eyes  which  have  had  former  attacks  of 

glaucoma. 

It  may  occur  in  eyes  which  up  to  the  third  or  fourth  week  have  shown 
no  sign  of  hypertonia.  Here  the  swelling  of  the  cortical  remains  may  be 
the  cause,  but  even  this  condition  has  been  shown  to  follow  when  the 
lens  has  been  extracted  in  its  capsule. 

As  we  have  seen,  as  long  ago  as  1869  Von  Graefe  observed  cases  of 
acute  glaucoma  supervene  after  a  discission.  Here  the  swollen  lens  sub- 
stance pressed  the'  iris  against  the  filtrating  angle,  thus  closing  it  oflE. 
Priestly  Smith  ^^  reports  the  case  of  a  child  in  which,  seven  years  subse- 
quent to  a  discission,  high  tension  developed.  This  was  found  to  be  due 
to  an  annular  synechia,  which  had  united  the  pupillarj^  margin  of  the 
iris  with  the  capsule,  locked  up  the  posterior  chamber,  and  thus  caused  a 
bulging  of  the  iris,  with  closure  of  the  filtrating  angle.  A  small  iridec- 
tomie  gave  exit  to  the  fluid  retained  behind  the  iris;  the  iris  retired  from 
the  cornea;  the  eye  recovered  with  normal  tension.  He  shows  that  not 
infrequently  the  pupillary  margin  is  adherent  throughout  to  the  remains  of 
the  lens-periphery.  The  pupil  may  not  appear  to  be  blocked  by  any  visible 
false  membrane,  still  this  membrane  opposes  the  free  escape  of  fluid  from 
behind  the  iris.  Priestly  Smith  states  (page  59):  "High  tension  may  set 
in  years  after  a  good  result.  Natason  (Tiber  Glaucom  im  Aphakischen 
Augen.  Mettieson.  Dorpat,  1889)  showed  that  immunity  from  subsequent 
glaucomatous  complication  is  not  insured  by  any  particular  operation. 
Glaucoma  may  occur  after  the  flap  operation  without  iridectomie,  after 
iridectomie  with  variously  placed  incisions,  after  an  extraction  preceded 
by  a  preliminar}'  iridectomie,  and  after  extraction  in  the  capsule.  They 
show  that  in  the  majority  of  cases  there  was  some  visible  complication 
involving  the  iris  or  the  capsule,  or  both,  namely,  iritis  or  irido-cycltis, 
with  occlusion  of  the  pupil,  prolapse  or  adhesion  of  the  iris  at  the  wound, 
or  a  similar  entanglement  of  the  capsule.  This  cicatrization  of  the  iris  or 
the  capsule  of  the  lens  in  the  wound  was  likewise  demonstrated  by  Stolt- 
ing  23  and  Hosch.^'"**    In  some  cases,  on  the  other  hand,  the  eye  appeared 

21  Glaucom  nach  Staar  Extraction.    Zehendei's  Klin.  Monatsblatter,  May, 
1895. 

22  The  Pathology  and  Treatment  of  Glaucoma,  London,  1891.  p.  57. 

23  Glaucom  nach  Linear  Extraction.    Graefe  Arch.,  Vol.  XXXIII,  B.  2,  1887. 
23a  Glaucomatose  und  Atrophische  Excavation  in  einom  aphakichen  Ange. 

Arch,  fur  Augenh.,  XXVIII,  3.  S.  311. 
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to  be  quite  free  from  any  complication  of  the  kind.  This  negative  evi- 
dence is,  however,  not  quite  conclusive,  for  slight  adhesions  of  the  kind 
in  question  may  be  quite  undiscoverable  in  the  living  eye,  and  that  they 
are  frequent,  even  in  satisfactory  cases,  has  been  proven  by  Becker.  Becker 
examined  with  the  microscope  thirty-eight  eyes  from  which  cataracts  had 
been  extracted,  and  in  only  one-third  of  these  was  the  iris  free  from  the 
soar,  although  thirty-two  of  the  thirty-eight  eyes  were  removed,  not  on 
account  of  any  trouble  during  life,  but  after  the  death  of  the  patient.  He 
expressly  states  that  minute  adhesions  of  the  iris  or  capsule  may  be  quite 
invisible  in  the  living  eye* 

"It  is  obvious  that  an  entanglement  of  the  iris  or  the  lens  capsule  in 
the  wound  may  lead  to  a  closure  of  the  filtrating  angle  in  its  immediate 
neighborhood,  but  this  does  not  suffice  to  explain  the  occurrence  of  glau- 
coma. We  can  not  assume  that  obstruction  of  the  filtrating  angle,  confined 
to  a  small  part  of  the  circle,  is  sufficient  to  cause  high  tension;  on  the  con- 
trary, we  know  that  such  entanglements  after  cataract  extraction  are  com- 
mon, while  glaucoma  is  rare." 

"Treacher  Collins'  microscopical  examinations  2*  give  more  positive 
evidence  as  to  the  cause  of  the  glaucoma.  In  nine  of  the  ten  eyes  exam-: 
ined  by  him  the  capsule  was  adherent  to  the  scar;  in  the  remaining  one 
from  which  the  lens  had  been  removed  in  its  capsule,  the  hyaloid  was 
adherent  in  the  same  manner.  The  filtrating  angle  was  closed  in  the 
neighborhood  of  the  scar  in  every  case;  moreover,  it  was  closed  at  the  oppo- 
site side  of  the  eye  also,  and  probably  throughout  the  whole  of  the  circle, 
in  seven  out  of  the  eight  cases;  and  in  those  in  which  it  was  not  closed 
by  apposition  of  the  iris  and  cornea,  it  was  blocked  by  exudation." 

"In  the  living  eye,  also,  we  can  sometimes,  I  think,  make  out  the 
cause  of  a  glaucomatous  complication  after  cataract  extraction.  In  some 
cases  the  iris  and  posterior  capsule,  being  united  and  coated  by  inflamma- 
tory exudation,  appear  to  form  an  impermeable  or  insufficiently  permeable 
diaphragm  across  the  eye,  which  checks  the  passage  of  fluid  from  the 
ciliary  processes  into  the  aqueous  chamber.  An  excess  of  fluid  becomes 
imprisoned  behind  this  diaphragm.  This  may  happen  although  a  good 
iridectomie  has  been  made.  In  a  case  of  this  kind,  on  the  eighth  day  after 
extraction,  and  in  the  presence  of  acute  iritis,  with  free  exudation  into 
the  aqueous  chamber  and  very  high  tension,  which  had  twice  rapidly  re- 
turned after  paracentesis  of  the  aqueous  chamber,  I  made  an  iridectomie 
downward,  tearing  completely  ^through  the  adhering  membranes,  and  ob- 


24  Trans,  of  Opth.  Society  of  the  United  Kingdom,  Vol.  X,  p.  108. 
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taining  for  the  moment  a  jet  black  pupil.    The  eye  recovered  normal  ten- 

Bion  and  good  vision,  which  are  still  retained  after  thirteen  years." 

'^t  is  not  easy,  even  with  the  help  of  pathological  specimens,  to 
explain  the  occurrence  of  glaucoma  after  a  long  interval  of  time,  during 
which  the  eye  has  enjoyed  useful  vision.  It  appears  probable,  however, 
that  a  transparent  membrane,  stretching  across  from  the  ciliary  processes 
on  the  one  side  to  the  cicatrix  on  the  other,  may  in  course  of  time  undergo 
some  slight  contraction,  which  draws  the  processes  forward  so  as  to  com- 
press the  filtrating  angle.  ,0r  such  a  membrane  may  become  less  permeable 
than  at  first.  In  this  w*ay,  or  perhaps  through  some  'change  in  the  intra- 
ocular fluid  itself,  filtration  from  the  vitreous  to  the  aqueous  itself  is 
checked.  This  is  not  mere  conjecture.  In  an^  elderly  lady  I  performed 
a  preliminary  iridectomie,  and  later  an  extraction,  apparently  with  com- 
plete success.  A  few  months  later  an  insidious  glaucoma "  began,  which  at 
first  yielded  to  eserine,  but  later  became  persistent.  The  field  contracted, 
the  disc  became  cupped.  Sclerotomy  with  a  Graefe  knife  was  performed 
in  the  region  of  the  extraction  wound.  On  the  withdrawal  of  the  knife, 
hardly  any  fluid  escaped,  and  the  iris  applied  itself  closely  to  the  cornea, 
shewing  that  fluid  was  imprisoned  behind  the  aqueous  chamber.  The 
point  of  the  knife  was  then  passed  in  again  through  the  same  wound,  and 
through  the  coloboma  into  the  vitreous.  A  gush  of  fluid  escaped,  the  iris 
retired  from  the  cornea  and  the  globe  became  slack.  The  eye  recovered 
with  normal  tension.  Curiously  enough,  I  operated  later  on  the  fellow 
eye  of  the  same  patient,  and  encountered  almost  exactly  the  same  sequence 
of  events.  In  some  cases  of  this  kind  the  high  tension  may  be  banished 
by  passing  a  cutting  needle  through  the  area  of  the  pupil,  so  as  to  divide 
the  posterior  capsule  and  the  anterior  of  the  vitreous.'* 

"With  regard  to  glaucoma  following  cataract  extraction,  we  can,  there- 
fore, assert  that  there  is  usually  a  closure  or  blockage  of  the  filtrating 
angle,  although  we  can  not  in  every  case  ascertain  the  precise  manner  of 
its  production.  The  point  of  practical  importance  is^  that  such  an  ob- 
struction can  be  remedied  only  while  it  is  recent;  and  when  the  base  of 
the  iris  has  become  adherent  throughout  to  the  periphery  of  the  cornea, 
the  glaucoma  is  incurable." 

The  warning  can  not  be  stated  too  eini)hatically  to  beware  of  matur- 
ing pos-terior  cortical  cataracts,  and  then  extracting,  without  first  investi- 
gating as  to  the  probable  cause  of  this  condition.  These  cases  are  always 
secondary  to  disease  of  the  uveal  tract,  and  the  possibility  of  a  second  at- 
tack of  glaucoma  subsequent  to  extraction  should  not  be  forgotten. 

Finally,  the  fact  can  not  entirely  be  set  aside,  that  the  arthritic  or 
gouty  diathesis  may  be  the  prime  causative  factor  in  the  production  of  glau- 
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coma  in  an  aphakic  eye,  which  in  this  case  is  independent  of  any  patho- 
logical changes  attributable  to  the  operation.  Dr.  David  DeBeck  has  re- 
cently illustrated  these  facts  by  some  very  instructive  case  reports.  (The 
Ohio  Medical  Journal,  Vol.  IX,  Nos.  4  and  9,  1898.) 

CHAPTER  IV. 

Paradoxical  as  it  may  seem,  the  after  treatment  begins  before  the 
operation,  and  is  not  finished  when  the  patient  is  dismissed  from  the  hos- 
pital or  the  personal  care  of  the  physician. 

THE  MATURATION  OF  CATARACT.  THE  ARTIFICIAL  RIPEN- 
ING OF  CATARACT. 

Formerly  months  and  even  years  were  required  before  a  cataract  was 
considered  as  operable.  Owing  to  a  large  quantity  of  cortical  substance 
which  remains  behind  when  a  cataract  is  operated  before  it  is  ripe,  and 
the  detrimental  influence  which  a  large  quantity  of  cortex  may  cause,  oper- 
ators have  always  been  fearful  of  extracting  an  unripe  cataract.  One  can 
only  understand  what  a  ripe  cataract  is  where  we  take  into  consideration 
how  it  has  developed. 

Celseus  was  the  first  to  give  a  more  exact  description.  "One  must 
wait  (before  operating)  for  a  kind  of  ripening  of  the  cataract  (maturitas), 
until  it  is  no  longer  fluid,  but  has  rather  acquired  a  certain  hardness  as  a 
result  of  coagulation."  According  to  Beer,^  a  grey  cataract  is  ripe  when 
it  is  not  possible  for  it  to  undergo  further  development.  The  expression 
"ripe  cataract"  has  been  handed  down  to  us;  but  our  understanding  of  the 
pathological  changes  has  been  radically  changed,  and  has  been  fully  con- 
sidered in  the  second  part  of  this  work. 

It  certainly  does  not  appear  wise  nor  humane  to  cause  a  person  af- 
flicted with  cataract  to  pass  an  indefinite  period,  waiting  for  the  cataract 
to  reach  maturity.  Where  there  is  disease  of  the  one  eye,  the  other  still 
having  good  vision,  we  may  leave  it  to  the  discretion  of  the  patient,  as  to 
whether  he  will  undergo  an  operation  or  not.  But  where  the  other  eye  is 
also  affected,  and  the  patient  can  no  longer  follow  his  vocation,  it  certainly 
seems  no  more  than  proper  that  we  should  do  all  in  our  power  to  both 
assist  him  in  regaining  his  sight  and  hasten  the  ripening  of  the  cataract. 
We  certainly  would  err  greatly  if  we  would  permit  those  advanced  in  years 
to  pass  the  few  remaining  years  of  their  life  in  the  useless  waiting  for  a 
cataract  to  ripen,  simply  because  the  ancients  imagined  that  cataract  was 
an  excretion,  or  to  wait  for  the  cataract  to  harden. 

At  the  present  day  we  know  that  a  ripe  cataract  can  easily  be  ex- 

1  Angenkrankheiten  II.  316.    Wien.,  1817. 
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tracted  from  its  capsule.  Professor  Schweigger  ^  does  not  believe  that  it 
is  necessary  to  cause  an  artificial  ripening,  after  the  time  when  physiolog- 
ical changes  in  the  lens  have  done  away  with  the  act  of  accommodation; 
that  is,  toward  the  fifties  and  surely  after  the  sixtieth  year.  He  believes 
that  every  cataract  may  be  extracted  as  soon  as  the  interference  of  siglit 
demands  the  operation,  even  if  the  greater  portion  of  the  lens  is  still  clear. 

"An  equal  degree  of  cloudiness  in  a  young  individual  would  derignate 
an  unripe  cataract.  In  a  young  individual,  accommodation  is  still  present, 
the  cortex  of  the  lens  still  consists  of  a  tenacious  sticking  mass,  which  ad- 
heres to  the  capsule,  and  if  now  such  a  lens  extraction  is  made  the  nucleus 
still  escapes,  but  the  cortex  remains  behind  adherent  to  the  capsule.  Though 
the  pupil  appear  black  in  the  beginning,  it  will  soon  become  cloudy,  owing 
to  the  saturation  with  aqueous;  the  changes  here  are  simply  those  following 
discission.  Generally  speaking,  after  the  fortieth  year,  every  human  lens 
contains  a  hard  nucleus.  If  the  corneal  wound  is  of  sufBcient  size,  and 
the  capsule  is  properly  opened,  the  cataract  can  be  delivered  on  the  slight- 
est pressure,  and  it  is  immaterial  whether  it  is  ripe,  partially  ripe,  entirely 
ripe,  or  over-ripe.  Alfred  von  Graefe^  certainly  did  a  great  thing  when 
he  declared  operable  the  brown,  posterior  cortical,  and  the  punctate  stri- 
ated cataract.*^  Schweigger  declares  that  for  some  years  past  he  has  handled 
the  subject  in  a  purely  practical  manner.  He  operates  all  patients  past 
the  fiftieth  year  as  soon  as  the  senile  cataract  interferes  greatly  with  the 
patient^s  vision,  "so  that  life  ceases  to  be  a  pleasure  to  him,  and  he  becomes 
unable  to  be  self-sustaining,  and, the  doctor  may  hop^  that  by  the  removal 
of  the  lens  vision  may  be  materially  improved.  It  is  immaterial  whether 
a  greater  or  less  portion  of  the  lens  is  still  clear." 

Schweigger  seems  to  believe  that  all  methods  of  artificial  ripening  of 
hard  cataract,  which  have  as  their  object  the  shortening  of  the  time  of 
blindness,  can  be  dispensed  with.     He  considers  them  purposeless. 

He  states:  "To  my  mind  it  is  antiquated  to  teach  the  practicing  phy- 
sician how  to  diagnose  a  ripe  cataract.  It  is  useless  to  make  four  operatians 
on  one  eye.  (1)  The  preparatory  iridectomie;  (2)  The  trituration;  (3)  The 
extraction  through  a  small  opening;  (4)  A  subsequent  secondary  operation. 
By  a  single  operation  we  not  only  reach  the  same  end,  but  do  it  more 
quickly  and  better." 

It  had  been  observed  long  since,  that  where  the  capsule  of  the  lens 
was  accidentally  touched;  during  an  operation  either  on  the  iris  or  opening 
of  the  anterior  chamber,  that  a  subsequent  cloudiness  of  the  lens  followed. 

2  The   Extraction  of   Unripe   Cataract,    Berlin  Med.  Societj,   July  2,  1890. 
Hlrschberg's  Centralblatt,  p.  206. 
8  A.  f .  O.,  XXX,  4,  225.    1884. 
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It  was  supposed. that  here  the  contact  between  the  instrument  and  the 
capsule  of  the  lens  caused  a  disturbance,  either  in  the  epithelial  cells  lin- 
ing the  capsule,  or  a  dislocation  of  the  fibres  immediately  beneath  the  epi- 
thelial cell;  as  a  consequence,  interference  with  vhe  proper  lAitrition  and 
the  regular  arrangement  of  the  lens  fibres  followed,*  with  the  further  result 
of  cataract  formation.  Foerster  believed  that  there  was  a  mechanical  de- 
struction of  the  lamellae  between  capsule  and  nucleus,  and  to  him  is  due 
the  credit  of  having  first  utilized  this  fact  in  hastening  the  ripening  of 
cataract.  He  originally  made  the  preparatory  iridectomie,  and  then  gently 
massaged  the  external  corneal  surface  by  means  of  a  strabismus  hook,  and 
in  the  course  of  four  to  eight  weeks  the  cataract  wf.s  ready  for  extraction. 
The  difficulty  in  doing  this  operation  has  always  depended  on  estimating 
the  requisite  amount  of  pressure  to  be  applied;  since  if  this  be  excessive 
the  zonula  is  easily  ruptured,  and  with  the  result  ol  loss  of  vitreous  at  the 
time  of  the  extraction.  This  method  of  ripening  has  been  widely  em- 
ployed. Some  bolder  operators  of  the  present  day  even  entering  the  an- 
terior chamber  with  a  small  spatula,  and  triturating  the  lens  direct. 

The  artificial  ripening  of  cataract  has  been  the  subject  of  considerable 
experimental  investigation  by  Hellf erich,*  Oettinger  ^  and  finally  by  Schir- 
mer.*  Schirmer  experimented  on  fifty-two  rabbits  in  exactly  the  same 
manner  as  Foerster  did,  without,  however,  making  an  iridectomie.  He 
found  that  the  earliest  cloudiness  set  in  in  one  or  two  hours  after  tritu-  , 
ration,  which  could  be  defined  as  a  series  of  very  fine  striations  on  focal 
illumination.  In  the  course  of  a  few  hours  this  had  advanced  toward  the 
equator  until  a  circumference  of  this  cloudy  area  about  the  size  of  a  moder- 
ately dilated  pupil.  In  forty-six  cases  a  decided  cloudiness  followed;  in  ten 
a  total  cataract.  On  microscopical  examination  he  found  that  as  the  result 
of  mechanical  pressure  of  the  strabismus  hook,  the  capsular  epithelial  cells 
undoubtedly  degenerate.  The  nuclei  of  the  cells  show  considerable  re- 
sistance, with  at  first  formation  of  vacuoles,  until  finally  these  were  pressed 
out  of  the  shrinking  chromatin  net-work,  which  forms  a  bright  halo 
around  them.    The  chromatin  finally  splits  up  in  fine  granules. 

Immediately  after  the  operation  the  superficial  fibres  are  separated 
from  each  other,  and  spindle-shaped  interspaces  are  formed.  These  spaces 
soon  increase  and  are  filled  with  granular  substance.  The  fibres  of  the 
superficial  layers  swell  up  into  vesicles,  burst,  and  their  contents  exude 
under  the  capsule      This  disintegration  is  undoubtedly  hastened  by  the 

4  Tiber  knnstllche  relfung  des  staare.    Sitzungs  Berichte  der  Wurtzburger 
Phys.  Med.  G«llflchaft  1884,  p.  115. 

5  Uber  kunstUche  reifung  des  staares.  Inaugural  Dissertation,  Breslau,  1885. 

6  Experimentelle  Studie  uber  die  Forstersche  Maturation  der  Oataract.  Yon 
Dr.  Otto  Schirmer  Graefe,  Vol.  XXXIV,  B.  1,  1893. 
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entrance  of  aqueous  into  the  capsular  sac.  As  a  result  of  this  disintegra- 
tion of  lens  fibres,  the  processes  of  diffusion  set  in  between  the  lens  and 
humor  aqueous,  just  as  in  other  forms  of  cataract,  and  since  the  fibres 
possess  a  different  coefficient  of  refraction,  this  zone  becomes  non- 
transparent  to  rays  of  light,  and  hence  will  appear  white.  But  if  the  fibres 
disintegrate,  and  a  more  homogenous  mass  is  formed,  the  substance  niay 
be  carried  out  of  the  capsule  to  such  an  extent  as  to  cause  small  indenta- 
tions on  the  surface  of  the  anterior  capsule.  Meanwhile,  the  lens  con- 
tinues to  grow  at  the  equator,  and  the  new  fibres  extend  immediately  be- 
neath the  epithelium  toward  the  pole,  so  that  the  entire  detritus  may  be 
surrounded  by  new  formed  lens  fibres. 

In  ever}^  case  where  we  expect  a  successful  maturation  the  massage 
mus-t  be  exerted  to  an  equal  degree  an  all  fibres,  in  oi*der  that  we  may  pro- 
duce an  equal  destruction,  and  thus  lead  to  a  total  cataract.  The  fibres 
can  only  be  destroyed  where  the  tension  within  the  capsule  is  increased. 
"This  pressure  causes  a  dislocation  of  the  various  lamellae,  and  the  for- 
mation of  interspaces  in  which  fluid  stagnates,  thus  setting  up  an  abnor- 
mal process  of  diffusion  and  a  subsequent  disintegration  of  the  lens  fibres." 

THE  AFTER  TREATMENT. 

Sufficient  has  already  been  said  concerning  the  preparatory  treatment. 
If  necessary  the  patient's  general  health  should  be  cared  for,  examination 
of  the  lungs,  the  presence  of  an  aggravated  bronchitis,  should  be  allevi- 
ated as  much  as  possible,  in  order  to  prevent  coughing  spells  during  the 
time  the  patient  must  be  quietly  on  the  back,  and  the  urine  should  always 
be  examined,  and  finally,  the  bowels  should  always  be,  thoroughly  evacu- 
ated before  the  operation.  The  conjunctiva  should  be  thoroughly  cleansed 
with  antiseptic  solutions  before  the  operation. 

At  the  present  day  neither  atropine  nor  eserine  are  used  previous  to 
an  operation.  Becker,  however,  gives  us  special  indic*ations  for  their  use, 
which  are  likewise  applicable  today.  He  tells  us,  "In  performing  the  flap 
operation  the  right  eye  was  brought  fully  under  the  influence  of  atropine. 
The  idea  being  to  lessen  the  chances  of  the  iris  coming  in  contact  with 
the  knife,  and  at  the  same  time  facilitating  the  exit  of  the  lens."  We  believe 
the  observation  is  correct,  for  though  the  pupil  contracts  the  moment  the 
aqueous  is  evacuated,  the  iris  is  more  easily  dilated  by  the  lens  after  open- 
ing the  capsule  of  the  lens,  when  the  eye  has  been  previously  atropized. 
.  For  the  time  being,  the  action  of  the  atropine  is  overcome  by  the  induced 
spastic  contraction  of  the  sphincter,  without  this  action  being  of  a  lasting 
character.    In  the  course  of  a  normal  healing,  one  will  find  that  the  pupil 
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which  at  the  time  of  the  operation  was  contracted,  will  in  the  course  of  a 
few  hours  become  fully  dilated  again. 

Likewise,  in  the  beginning  atropine  was  used  in  the  Graefe  operation. 
Eduard  Meyer,  however,  suggested  that  its  use  previous  to  the  operation 
be  abandoned,  and  this  suggestion  has  found  general  favor.  The  belief 
was  expressed  that  cicatrization  of  the  iris  could  be  avoided  in  many  cases, 
since,  if  we  did  not  paralyze  the  sphincter  previous  to  the  operation,  the 
iris  would'  contract  after  the  escape  of  aqueous,  and  thus  permit  the  iris 
from  becoming  involved  in  the  wound." 

For  the  same  reason  DeWecker,  in  making  his  operation  without  ex- 
cision of  a  piece  of  the  iris,  goes  a  step  further,  in  that,  at  the  conclusion 
of  the  operation,  he  drops  a  drop  of  sulphate  of  eserine  (i  per  cent,  so- 
lution) into  the  eye,  and  thus  by  contraction  of  the  pupil  draws  the  iris 
out  of  the  wound.    Instead  of  a  mydriatic  he  uses  a  myotic. 

It  is  a  matter  of  special  importance  to  carefully  examine  and  watch 
the  conjunctiva  before  the  operation.  A  host  of  observers  have  shown  us 
the  eflfect  of  an  infected  lachrymal  secretion.  The  deleterious  effects  of  a 
tear  sac  blenorrhoea  have  been  recognized  for  a  long  time,  and  one  would 
hardly  expect  to  find  an  operator  at  the  present  day  who  would  perform 
an  operation  without  first  healing  the  latter  condition. 

The  same  is  true,  though  to  a  lesser  degree,  of  all  forms  of  conjunc- 
tival disease.  A  chronic  catarrh  should  be  suppressed  as  much  as  possible, 
and  one  should  not  forget  that  after  an  operation,  owing  to  pressure  of  a 
bandage,  the  secretion  may  rapidly  increase  again.  This  should  diligently 
be  watched,  the  conjunctival  sac  kept  clean,  and  thus  the  accumulation 
of  the  secretion  prevented. 

It  Is  a  peculiar  circumstance  that  trachoma,  granular  conjunctivitis  (chronic 
blenorrhoea  of  Arlt,  opthal  aegyptica),  is  not  to  be  looked  upon  as  a  contra- 
indication to  the  performance  of  an  extraction.  At  least  this  is  true  where 
pannus  has  developed,  for  the  vessels  in  the  cornea  lead  to  a  rapid  and  fortu- 
nate healing  of  the  corneal  wound. 

THE  AFTER  TREATMENT.  Von  Graefe  warned  us  against  a  cer- 
tain indifference  which  even  men  of  the  greatest  ability  have  been  guilty 
of,  as  soon  as  the  process  of  healing  takes  an  anomalous  course.  He  says: 
"True,  owing  to  inability  to  explain  in  every  case  the  cause  of  the  intense 
reaction,  one  easily  falls  into  the  fatal  error  of  simply  laying  one's  hand  in 
one's  lap  just  as  soon  as  the  pain,  active  secretion,  redness  and  swelling 
of  the  conjunctiva,  uncleanness  of  the  wound,  cloudiness  of  the  cornea, 
hypopyon,  or  hemorrhage  into  the  anterior  chamber  set  in.  True,  at  the 
suggestion  of  a  more  experienced  colleague,  one  tries  one  thing  then 
another,  but  since  no  one  method  seems  to  avail  in  all  ca^es  which  present 
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the  same  symptoms,  we  become  dissatisfied,  and  at  times  desist  fram  any 
further  attempts.  Thus  we  turn  from  one  mode  of  treatment  to  another, 
and  finally  we  become  completely  skeptical,  since  no  form  of  treatment  is 
uniformly  followed  by  favorable  results." 

This  was  written  before  the  study  of ,  bacteriology  had  assumed  its 
present  important  position,  and  before  the  full  extent  of  the  action  of 
micro-organisms,  in  the  production  of  inflammation  was  recognized.  Today 
we  know  that  all  pathogenic  germs  may  and  do  lead  to  destruction  of 
the  eye.  Prevention  of  an  infection  is  the  watchword,  for  after  the  in- 
terior of  the  eye  is  once  invaded,  we  may  as  well  stand  by,  for  we  are 
helpless  to  stay  the  inflammation.  All  we  can  do  is  to  alleviate  the  pain, 
meet  complications  as  they  arise,  and  eventually  enucleate  to  prevent  in- 
fection of  the  other  eye. 

The  first  symptom  which  demands  attention  is  pain.  Since  the  nor- 
mal course  of  healing  is  accompanied  by  pain,  it  would  certainly  seem  im- 
portant to  fix  a  border  line  where  this  becomes  pathological.  This,  how- 
ever, is  impossible,  since  some  patients  are  more  sensitive  than  others. 
This  pain  is  usually  described  as  a  burning  pain.  This  never  increases,  but 
usually  continues  during  the  first  few  hours,  gradually  growing  less.  After 
five  or  six  hours  there  should  no  longer  be  a  continuous  pain.  From  time 
to  time  the  patient  experiences  a  slight  sensation  of  pressure.  This  is 
followed  by  a  short,  pricking  sensation,  followed  by  a  sensation  as  though 
something  were  flowing  from  the  eye.  This  sensation  is  due  either  to  the 
accumulation  of  tears  in  the  conjunctival  sac,  which  in  cases  where  the 
margins  of  the  lids  have  become  agglutinated  together,  can  only  escape 
when  the  pressure  of  the  accumulated  tears  forces  the  lids  ,apart.  Or  the 
pressure  and  the  pricking  pains  are  due  to  the  accumulated  aqueous  forcing 
the  edges  apart,  and  thus  escaping,  either  beneath  conjunctiva  or  into  the 
conjunctival  sac,  and  then  finally  escaping  between  the  edges  of  the  lids. 

These  sensations  can  not  be  included  with  those  of  active  reaction. 
As  soon  as  the  pain  becomes  paroxysmal,  or  changed  from  a  burning  to  a 
tearing,  lancinating,  boring  or  thumping,  it  is  to  be  alleviated  by  any 
method  possible. 

The  bandage  should  be  removed,  the  wound  carefully  examined  and 
carefully  cleansed.  If  the  pain  continues,  cold  applications  and  a  hypo- 
dermic injection  of  morphia  are  indicated.  Under  all  circumstances  the 
patient  should  have  a  good  night's  i-est.  If  necessary  bromide  of  potash 
and  chloral  are  indicated. 

In  normal  cases,  all  signs  of  wound  reaction  disappear  between  twelve 
and  twenty-four  hours.  Becker  warns  us  that  the  very  worst  forms  of 
disease  begin  to  manifest  themselves  toward  the  cIofc  of  the  first  night. 
The  bandage  should  at  once  be  removed  and  the  wound  examined,  and  if 
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there  is  no  tearing  or  swelling  of  the  lids,  the  simple  application  of  a 
fresh  dressing,  together  with  the  usual  washing  off  of  the  edges  of  the 
lid,  will  he  sufficient.  If,  however,  the  linen  pa'i  which  covers  the  eye 
is  wet  and  covered  with  purulent  secretion,  we  know  that  we  are  dealing 
with  an  infection.  Von  Graefe  advised,  after  carefully  cleansing  the  lids, 
that  we  touch  the  entire  surface  with  nitrate  of  silver  and  then  thoroughly 
neutralize  the  same.  In  robust  individuals  he  even  practiced  venesection. 
Today  use  of  antiseptics  is  called  for,  and  as  has  already  been  stated,  many 
operators  cauterize  the  edges  of  the  wound,  and  the  anterior  chamber  is 
washed  out  with  an  antiseptic  solution.  If  this  does  not  stay  the  inflam- 
matory process  the  eye  is  lost. 

MENTAL  DERANGEMENTS  AFTER  CATARACT  EXTRAC- 
TIONS.  It  is  customary  to  bind  up  both  eyes  during  the  first  four  or 
five  diiy$  subsequent  to  an  extraett^n,  and  during  this  time  acute  delirium 
has  been  known  to  develop.  While  in  this  state  patients  tear  the  bandages 
from  their  eyes,  and  thus  forever  destroy  the  results  of  w^hat  might  other- 
wise have  been  a  successful  operation.  Cases  are  recorded  in  which  the 
wildest  mania  developed,  and  in  which  it  ^vas  impos^ble  to  restrain  the 
patient.  Parinaud  and  Sichel.  believed  this  to  be  a  cerebral  disturbance, 
due  to  the  removal  of  light  and  the  restricted  diet  subsequent  to  the  oper- 
ation. Grandelement,  Galezowski,  Salvator,  Angela  Ledda,  as  due  to  use 
of  atropine,  Chibret  to  alcohoUsm;  whereas  Borreli  believed  this  to  be  due 
to  a  predisposition  to  mania.  Swanzy  believes  that  it  is  due  to  the  quiet 
and  exclusion  of  light,  following  a  period  of  some  anxiety  and  excitement. 
He  believes  that  permission  to  sit  up  in  bed,  with  the  admission  of  some 
light,  will  speedily  restore  the  mental  equilibrium^  Therapeutically,  sul- 
phonal,  chloral  and  the  bromides  are  useful. 

Patients  should  never  be  left  alone,  even  during  the  night.  They  may 
unconsciously  disarrange  the  dressing,  and  thus  infect  the  wound.  In  rest- 
less patients,  it  is  even  advisable  to  tie  the  hands.  Many  a  successful  oper- 
ation has  been  brought  to  naught  by  the  patient  sticking  his  hand  or 
fingers  against  the  bandage  with  sufficient  force  to  rupture  the  wound, 
which  has  closed  leading  to  prolapse  of  iris  or  vitreous,  even  to  an  intra- 
ocular hemorrhage.  Many  operators  today  have  the  nurse  tie  the  patient's 
hands  at  night,  or  an  electric  bell  is  within  reach,  so  that  the  nurse  may 
be  called  at  any  moment. 

DISCHARGE  OF  THE  PATIENT  FROM  THE  PHYSICIAN'S 
CARE.  It  is  certainly  not  only  a  matter  of  interest  to  the  patient  who 
longs  to  return  home,  but  also  to  the  physician  who  may  desire  (in  hos- 
pital practice)  the  bed  for  other  patients,  that  the  patient  be  not  detained 
a  single  day  longer  than  is  absolutely  necessary.    Already  Beer  stated  that 
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the  average  time  for  a  normal  healing  was  about  fifteen  days.  Later  oper- 
ators placed  this  time,  including  cases  in  which  the  processes  of  healing 
was  not  perfectly  regular,  at  three  weeks. 

It  is  certainly  not  without  interest  to  note  that  Gussenbauer  fixed  the 
time  of  a  normal  healing  after  an  extraction  at  seventeen  days;  that  is, 
that  a  total  restoration  of  the  connection  between  the  divided  corneal 
fibres  was  established  in  that  time.  Hence  we  must  assume  that  the  injury 
to  other  structures,  iris,  capsule,  etc.,  does  not  in  any  way  interfere  with 
the  timely  healing  of  the  cornea.  But  it  is  quite  a  different  matter  as  to 
how  soon,  in  the  individual  case,  a  patient  can  be  discharged  and  released 
from  the  observation  of  the  physician.  It  is  customary  to  be  guided  by  the 
condition  of  the  conjunctiva  bulbae.  On  the  one  hand,  we  meet  with 
cases  in  which  this  does  not  become  injected;  whereas,  on  the  other  this 
injection  may  simply  be  the  result  of  a  conjunctival  catarrh,  without  a 
more  serious  cause.  But  just  for  this  first  class  it  is  of  great  importance 
to  be  able  to  fix  the  time  of  observation,  since,  according  to  Gussenbauer's 
anatomical  investigations,  it  jirpuld  be  wrong,  even  in  the  most  favorable 
case,  to  let  a  patient  go  before  the  beginning  of  the  third  week. 

True,  patients  have  left  the  diiJiic  as  iearly  as.  the  sixth  and  jeighth 
day,  without  suffering  the  sligbteak  detfiflrent  from  tljis  oau^.  Others, 
again,  released  on  the  twentieth  day,  returned  a  short  time  afterward, 
either  with  a  corneal  infiltration,  hemorrhage  into  the  anterior  chamber, 
iritis  or  irido-cyclitis.  Hence,  it  seems  but  proper  that  the  patient  should 
be  kept  under  observation  as  long  as  possible,  even  though  the  process  of 
healing  has  been  a  normal  one.  For  where  is  the  operator  who  will  be 
willing  to  assert  in  any  special  case  that  the  pathological  changes  which 
have  been  started  in  the  iris  and  capsule  have  entirely  ceased? 

A  still  more  fatal  error  is  to  permit  the  patient  to  begin  the  use  of 
his  glasses  too  soon.  Though  it  is  true,  that  owing  to  the  loss  of  the  lens, 
the  eye  has  lost  its  power  of  accommodation,  still  we  must  not  assume, 
that  the  ciliary  muscle  does  not  contract  when  an  effort  is  made  to  ac- 
commodate, especially  in  cases  in  which  the  other  eye  still  performs  its 
functions,  and  the  atten^pt  is  made  to  see  objects  near  by.  As  a  result  of 
every  such  accommodative  effort,  a  certain  traction  on  and  displacement 
of  the  zonula  fibres  follows.  As  long  as  the  processes  of  proliferation  are 
still  going  on  in  the  secondarj'  cataract,  even  in  the  simple  secondary 
cataracts,  these  apparently  unimportant  movements  may  be  sufficient  to 
reawaken  these  processes  of  new  formation,  and  thus  lead  to  a  greater 
thickness  and  density  of  the  secondary  cataract.  But  if  this  secondary 
cataract  has  already  closed,  it  will  then  depend  entirely  on  the  extent  of 
the  cicatrization,  and  the  structures  which  have  taken  part  in  its  formation, 
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what  the  character  of  the  induced  sequelae  will  be.  We  have  already  seen 
how  the  shrinkage  of  the  complicated  secondary  cataract  may  become  the 
cause  of  long-continued  signs  of  irritation  on  the  operated  eye,  and  how 
this  condition  may  induce  sympathetic  irritation;  so  likewise,  the  eariy  use 
of  cataract  glasses,  owing  to  their  inducing  efforts  at  accommodation  in  the 
operated  eye,  are  only  too  often  the  indirect  cause  of  iritis  and  cyclitic  irrita- 
tion which  develops  later  on.  Many  a  case  of  cicatrization  of  the  iris  and 
capsule,  which  would  not  have  given  rise  to  any  trouble,  take  a  fatal  ter- 
mination as  the  result  of  the  early  use  of  glasses. 

It  is  not  an  easy  matter  to  make  a  general  statement  as  to  the  time 
after  which  the  use  of  glasses  can  no  longer  be  looked  upon  as  detrimental. 
This  depends  on  the  mode  of  healing.  The  older  physicians  were  correct 
when  they  laid  down  the  rule  that  cataract  glasses  should  not  be  used 
until  months  after  an  extraction. 

THE  SECONDARY  OEEKATIONS.  In  the  broad  sense  of  the 
term,  these  ought  to  be  considered  a  part  of  the  after  treatment,  since 
both  the  simple  and  complicated  secondary  cataracts  may  give  rise  to 
occasion  for  practicing  these  secondary  operations.  Whether  the  amount 
of  vision  obtained  after  a  cataract  operation  will  be  sufficient  or  not  does 
not  alone  depend  on  the  degree  of  vision  attained,  but  also  on  the  demands 
which  the  patient  makes  on  his  eye.  A  farmer  or  a  day  laborer  will  be 
well  satisfied  if  he  can  read  medium-sized  print;  whereas,  one  who  follows 
intellectual  pursuits  will  require  more  vision,  and  reque^  a  secondary  oper- 
ation. 

Since  a  secondary  cataract  may  also  result  from  injuries  of  the  lens 
system,  and  since  the  difference  between  secondary  cataract  subsequent  to 
an  operation  for  cataract  and  traumatic  cataracj,  is  really  only  one  of  de- 
gree, hence  the  treatment  of  both  will  be  considered  together. 

The  therapy  of  injuries  of  the  lens,  and  of  traumatic  cataract,  as  well 
as  the  prognosis  of  these  injuries,  and  the  character  of  operation  to  be 
made,  depends  entirely  on  which  other  portions  of  the  eye  were  injured, 
and  what  the  condition  of  the  eye  is  after  the  injury  has  healed. 

TBEATMENT  OF  RECENT  INJURIES.  Traumatic  cataracts,  in 
which  there  has  been  no  injur}^  other  than  of  the  capsule,  do  not  require, 
during  the  period  of  their  formation,  any  other  treatment  than  that  which 
any  other  disease  process  present  at  the  time  may  require.  Use  of  atropine 
prevents  iritis  and  breaks  up  any  possible  synechia  already  present.  It  is 
dependent  on  other  circumstances  whether  the  cataract  will  remain  partial 
or  become  complete. 

If  only  the  capsule  of  the  lens  has  been  involved,  and  no  foreign  body 
has  remained  in  the  lens,  which  is  only  possible  where  the  wound  in  the 
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capsule  is  a  small  one,  the  pupil  is  to  be  widely  dilated  by  atropine,  and 
then  await  developments  and  see  whether  the  wound  in  the  capsule  he^ls, 
or  if  the  tumescent  lens  substance  is  extruded  into  the  anterior  chamber. 
If  the  corneal  wound  heals,  and  no  signs  of  a  violent  reaction  develop 
during  the  first  few  daysi,  which  may  result  from  the  most  trivial  solutions 
of  continuity,  owing  to  increased  tension  in  the  eye,  the  same  regulations 
are  to  be  followed  as  in  cases  of  discission.  Simultaneous  injury  of  the 
iris  will  not  call  for  any  special  therapeutic  procedure.  Often  the  involve- 
ment of  the  iris  is  the  cause  of  a  more  rapid  healing  of  the  wound  in  the 
capsule.  Under  certain  circumstances  a  cut  in  the  sphincter  of  the  iris 
may  assume  the  role  of  a  prophylactic  iridectomie. 

One  of  the  evil  results  of  the  above  conditions  may  be  a  swelling  up 
of  the  lens  substance.  As  a  result  of  his  painstaking  observations  of  trau- 
matic discissions,  Von  Graefe  restricted  the  indications  for  discission  to 
the  young.  This  swelling  lens  substance  may  lead  to  secondary  glaucoma 
in  the  aged,  and  at  times  even  in  the  young.  In  younger  eyes  the  elasticity 
of  the  outer  coats  is  greater;  hence,  a  passing  intra-ocular  tension  is  more 
easily  borne,  until  finally  disturbance  in  the  circulation  sets  in,  and  per- 
manent increase  of  tension  8*tis  in.  Hence,  in  the  aged,  owing  to  the 
greater  rigidity  of  its  walls,  glaucoma  and  excavation  of  the  papilla  set  in 
much  sooner,  the  conditions  being  the  same.  Not  infrequently  we  see  the 
eyes  of  children  under  the  influence  of  traumatic  cataract  for  weeks  and 
months,  and  in  a  condition  of  increased  intra-ocular  tension,  without  the 
optic  nerve  suffering  in  any  way.  Whereas,  in  old  people  we  find  the 
most  insignificant  swelling  of  isolated  pieces  of  lens  substance  lead  to  glau- 
coma. This  has  been  shown  to  be  due  to  pressure  on  the  root  of  the  iris. 
This  presses  against  the  filtrating  angle  in  the  anterior  chamber,  and  thus 
excluding  a  part  of  the  filtrating  angle,  leads  to  interference  with  the  out- 
flow of  fluid,  and  thus  causes  glaucoma. 

If  it  is  evident  that  glaucoma  is  about  to  set  in,  or  if  it  is  already 
present,  one  should  not  delay.  The  pressure  phosphenes  are  especially 
valuable  in  testing  the  field  of  vision,  since  the  tumescent  lens  substance 
materially  affects,  owing  to  the  diffusion  of  light,  all  tests  for  projection. 
The  indications  seem  to  be  divided  between  simple  iridectomie,  cataract 
extraction,  or  a  combination  of  both  methods.  In  young  children  one 
would  make  an  extraction  of  the  lens  by  a  simple  linear  extraction,  or  by 
modified  extraction  in.  use  today.  If  violent  symptoms  have  developed, 
and  call  for  interference,  the  lens  will  always  be  found  to  be  so  intensely 
swollen  as  to  escape  at  once  on  making  the  incision.  If  the  individual 
is  older,  and  the  increased  intra-ocular  tension  is  due  to  but  slight  swelling 
which  is  pressing  on  the  posterior  surface  of  the  iris,  the  entire  lens  not 
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being  swollen,  a  simple  irideetomie  at  the  place  where  the  pressure  is  ex- 
erted, would  give  by  far  the  best  results,  and  if  necessary  one  would  later ' 
on  make  a  much  better  cataract  extraction.  If  the  patient  is  past  the  years 
of  adolescence,  and  the  lens  is  swelling,  one  will  find  the  greatest  relief 
follow  a  Hnear  incision. 

In  the  above  described  cases  it  frequently  happens  that  the  injury  to 
the  lens  is  the  smallest  part  of  the  injury  to  the  eye.  This  is  always  the 
case  when  the  corpus  ciliare  is  injured,  be  this  ever  so  slight.  The  fatal 
influence  which  a  shrinking  cicatrix  of  the  ciliary  body  exerts,  not  only  on 
the  injured  but  on  the  second  eye,  is  too  well  known.  Likewise,  where  a 
foreign  body  is  in  the  vitreous,  be  it  ever  so  small,  the  injury  to  the  lens 
becomes  a  matter  of  secondary  consideration. 

Very  broad  incised  or  punctured  wounds,  as  well  as  total  destruction 
of  the  form  of  the  globe  are,  as  a  matter  of  course,  complicated  by  injuries 
to  the  lens. 

After  the  signs  of  inflammation  have  disappeared,  one  must  take  into 
consideration  the  volume  of  the  traumatic  cataract  before  deciding  on  the 
method  to  be  employed.  If  the  difference  of  volume  from  a.,  normal  lens 
is  but  slight,*  one  will  be  called  uj^n  to  make  a  regular  operation.  The 
more  the  volume  is  reduced  the  more  nearly  will  the  cataract  come  under 
the  same  variety  as  the  secondary  cataracts. 

TRUE  TRAUMATIC  CATARACT.  If  the  traumatic  cataract  differs 
but  little  in  volume  from  the  normal  lens,  vision  may  be  totally  restored 
by  performing  a  technical  cataract  operation.  And  since  such  traumatic 
cataracts  usually  develop  as  soft  cataracts,  a  linear  extraction  is  indicated. 
Notwithstanding  the  fact  that  synechia  are  frequently  present  the  per- 
formance of  the  extraction  is  not,  as  a  rule,  connected  with  any  difliculty; 
the  results,  however,  are  not  very  encouraging,  depending  largely  on  the 
further  injury  to  other  parts  of  the  eye  at  the  time  of  the  accident,  and 
the  possible  infection  at  that  time. 

In  all  these  cases  one  should  not  forget,  before  operating,  to  test  the 
light  sense  and  the  projection. 

As  has  already  been  said,  the  operation  offers  no  special  diflBculties. 
It  is  only  where  there  is  a  capsular  cataract  present,  or  where  the  capsule 
has  cicatrized  in  the  cornea,  iris,  or  ciliar}'  body,  that  it  does  not  give 
easily  to  slight  traction;  hence,  one  should  not  attempt  to  draw  it  out  of 
the  eye  by  force,  though  it  does  interfere  with  sight.  Violent  traction,  es- 
pecially on  the  ciliary  body,  will  he  followed  by  the  most  detrimental  re- 
sults. Even  where  such  difficulties  are  not  encountered,  frequently  the 
most  violent  reaction  follows.  The  operative  procedure  leads  to  a  recur-  - 
rence  of  the  cyclitis,  which. had  but  recently  subsided. 
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Naturally  the  irritability  of  the  eye  decreases,  the  longer  the  time 
elapsed  since  the  accident,  and  we  may  assume  that  a  period  is  reached  in 
every  eye,  at  which  time  no  evil  consequences  as  a  result  of  the  accident 
will  exert  their  influence  on  the  proper  healing  of  the  operative  procedure. 
Hence,  it  would  be  advantageous  to  fix  a  time  when  it  would  be  well  to 
interfere.  It  has  been  said  that  a  traumatic  cataract  should  not  be  oper- 
ated earlier  than  the  sixth  or  eighth  week.  Such  a  rule  has  no  value,  since 
under  strict  asceptic  precautions  the  operation  can  not  of'  itself  induce  any 
further  injury  to  the  eye.  But  where  the  case  is  complicated  by  iritis, 
cyclitis  or  choroiditis,  it  certainly  would  not  be  wise  to  undertake  an  oper- 
ation. During  this  time  Becker  laid  great  stress  on  the  circumcorneal 
injection,  and  laid  down  the  rule,  that  the  time  for  operating  had  arrived 
as  soon  as  the  pericorneal  injection  ceased  to  appear  in  grasping  the  con- 
junctiva with  the  forceps. 

Seldom  do  we  meet  with  a  membranous  cataract^  (cataracta  mem- 
hranacea),  or  a  secondary  cataract  {cataracta  secundaria),  without  finding 
the  iris  bound  down  to  the  capsule  in  one  or  more  places.  Especially  in 
cases  of  traumatic  cataracts  do  we  find  broad  adhesions.  This  is  explained 
by  the  fact  that  during  the  period  of  swelling  or  immediately  following  the 
operation,  the  iris,  for  a  considerable  period  of  time,  remains  in  contact  with 
the  capsule.  Frequently,  however,  the  iris  receives  a  direct  injury,  or  at 
least  is  irritated.  Thus,  depending  on  the  character  of  the  injury  or  the 
processes  which  have  taken  place  subsequently,  will  we  find  a  simple  ad- 
hesion, a  broad  adhesion,  or  a  proliferation  of  cells  from  the  iris  into  the 
capsule.  A  deep  anterior  chamber,  the  irregular  form  of  the  pupillary 
edge  of  the  iris  which  is  adherent,  the  processes  of  an  opaque  membrane 
in  the  pupil,  pigmented  here  and  there,  possibly  vascularized,  are  all  land- 
marks for  the  diagnosis  of  the  above  condition.  If  a  piece  of  the  iris  has 
been  excised  at  the  time  of  the  operation,  one  can  also  observ^e  how  the 
cloudy  membrane  gradually  is  lost  in  the  cicatrix  after  the  operation. 
In  such  a  case,  the  secondary  cataract  usually  lies  far  forward,  adherent  to 
the  iris,  or  the  cicatrical  tissue  in  the  cornea. 

In  the  simple  non-complicated  secondaiy  cataracts  a  discission  wdth 
one  or  two  needles  will  bring  about  the  desired  result,  and  with  a  high  de- 
gree of  safety  and  efi[iciency.  This  operation  of  discission  after  extraction 
is  not  without  its  dangers,  which,  according  to  Knapp,^  causes  glaucoma  in 
from  1-2  per  cent,  of  aphakic  eves.  He  believes  that  the  character  of  the 
secondary  cataract,  and  the  manner  of  aftacl'ing  the  same,  are  the  main 
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factors.  The  reactidta — glaucoma  and  cyclitis — being  due  to  the  traction 
on  the  cicatricial  bands  stretching  to  the  ciliary  body. 

If  the  secondary  cataract  is  fixed  in  the  wound  by  cicatrical  tissue, 
one  frequently  meets  with  success  by  making  an  iridectomie  in  the  oppo- 
site direction,  and  thus  regain  a  satisfactory  amount  of  vision;  since  in 
such  cases  the  greatest  portion  of  the  secondary  cataract  is  drawn  toward 
the  wound.  Frequently,  however,  the  largest  pupil  fills  up  again,  so  that 
even  a  second  iridectomie  is  without  result.  This  usually  is  the  case  where 
the  vitreous  is  detached  and  changed  to  connective  tissue,  and  takes  part 
in  the  formation  of  cicatrical  bands.  Such  a  resi-lt  can  not  be  foretold 
with  certainty  before  an  operation,  but  its  occurrence  is  to  be  feared  in 
all  cases  in  which  the  cicatrix  is  drawn  inward,  and  the  tension  is  reduced, 
when  the  iris  is  discolored,  and  the  membrane  in  the  pupil  appears  to  be 
vascularized.  Both  of  the  last  symptoms  are  indicative  of  abnormal  circu- 
latory conditions.  In  consequence,  during  the  operation,  the  anterior 
chamber  becomes  filled  with  blood,  which  is  only  absorbed  after  many 
days  or  weeks.  When  one  finally  does  get  a  good  view  of  the  conditions 
present,  one  finds  the  pupil,  which  had  again  been  made,  filled  up  with 
new  formed  tissue.  The  operative  procedure  has  awakened  anew  the  for- 
mation of  the  cyclitic  bands,  and  the  momentary  result  of  the  operation 
has  been  brought  to  naught. 

For  this  reason  other  operative  procedures  have  been  introduced  to 
take  the  place  of  the  iridectomie.  It  was  advised  that  the  cornea  be  severed 
by  a  3  mm.  wide  two-edged  knife;  then  go  in  with  a  pair  of  forceps  and 
cut  out  a  large  piece  of  the  iris,  so  as  to  lessen  the  chances  of  the  space 
filling  up  again.  (Agnew  A.  Weber.)  Later  on  DeWecker  favored  the 
iridectomy  (Annal.  d'Ocul.,  Tom.  LXX,  p.  123).  The  advantages  of  the 
iridectomie  which  he  makes  with  the  lance-knife,  and  his  "Pince-Oiseaux." 
lie  in  the  fact  that  his  operative  procedure  does  far  less  injury,  because 
the  iris  is  not  drawn  out  to  be  excised;  but  since  it  is  held  tense,  he  simply 
incises  it  and  allows  it  to  retract.  Mooren  followed  this  suggestion.  Kruger 
advised  cutting  out  a  piece  of  the  membrane  with  a  scissors-like  punch 
(Klin.  Monatsblatt,  1874,  p.  429). 

Owing  to  the  influence  which  everything  which  causes  tension  on  the 
ciliary  body  exerts  in  causing  cyclitis,  it  must  be  apparent  that  a  secondary 
operation  will  be  more  certain  of  bringing  about  a  good  result,  the  more 
the  above  circumstances  are  avoided.  With  this  object  in  view  the  two 
following  operations  were  introduced: 

BOWMAN'S  METHOD.  Two  discission  needles  are  employed;  one 
is  passed  through  the  inner  quadrant  of  the  cornea  and  through  the  center 
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of  the  opacity;  the  second  needle  is  passed  through  the  outer  quadrant  of 
the  cornea,  and  into  the  opacity  close  to  the  first.  The  points  are  then 
separated,  and  thus  a  hole  is  made  in  the  membrane. 

NOYES^  METHOD.  A  puncture  and  counter  puncture  is  made  with 
a  Graefe  knife  in  the  horizontal  meridian  of  the  cornea,  and  as  the  knife 
is  withdrawn  it  is  made  to  puncture  the  secondarv-  cataract.  Two  blunt 
hooks  are  now  entered  through  the  original  corneal  punctures,  and  the 
points  passed  through  the  openings  in  the  membrane.  By  traction  the 
opening  is  enlarged  without  any  dragging  on  the  iris  or  ciliary  body. 

THE  THERAPY  OF  LUXATION  OF  THE  LENS. 

The  treatment  of  luxation  of  the  lens,  just  as  that  of  cataract,  be  this 
of  traumatic,  spontaneous  or  consecutive  origin,  can  only  be  considered 
prophylactically.  This,  however,  has  but  little  practical  value,  owing  to 
the  rarity  of  traumatic  luxation,  and  because  it  occurs  even  less  frequently 
as  the  result  of  certain  occupations  than  the  traumatic  cataract,  which  is 
the  result  of  accidental  or  designed  injur}'  of  the  eye. 

The  attempt  was  made  a  few  times  (Homig,  1160a)  to  replace  in  the 
fossa  patellaris  a  loosened  or  even  a  partially  or  totally  dislocated  lens  by 
therapeutic  measures,  and  thus  to  bring  it  back  into  its  normal  position. 
Eduard  Meyer  (1160b)  reports  a  case  in  which  a  lens  which  was  dislocated 
upward  and  inward  returned  again  to  its  proper  position  in  the  pupil,  not- 
withstanding the  dislocation  on  the  other  eye  increased.  However,  it  did 
not  remain  fixed  in  its  position,  but  moved  about  when  the  eye  was  moved 
about  violently. 

No  cases  are  reported  in  which  it  has  been  possible  to  stop  this  in- 
creasing ectopia.  Here,  just  as  in  cases  of  spontaneous  sinking  down  of 
the  lens,  one  can  not  hope  for  relief  until  we  have  discovered  the  cause. 
For  though  we  accept  Schirmer's  idea,  that  the  failure  of  the  lens  to 
grow  during  the  time  the  remaider  of  the  eye  is  growing,  as  the  cause  of 
the  increasing  dislocation  in  cases  of  ectopia,  still  one  can  not  understand 
how  the  lens  is  to  be  urged  on,  or  the  remainder  of  the  eye  retarded  in  its 
growth.  Similar  reasons  are  given  for  the  cases  of  spontaneous  luxation 
following  fluidity  of  the  vitreous. 

If  the  dislocated  lens  is  still  partially  in  the  pupillary  area  and  trans- 
parent, either  myopic  astygmatism  or  double  refraction  will  ensue.  The 
interference  with  sight  may  then  be  partially  or  totally  relieved  by  glasses. 
If,  however,  the  lens  is  cataractous,  the  interference  with  vision  may  be 
overcome  by  an  iridoctomie,  ver}'  much  in  the  same  manner  as  has  been 
advised  in  cases  of  zonular  cataract.  Knapp  was  the  first  (965)  to  advise 
iridectomie  in  cases  of  luxated  cataractous  lenses,  which  still  occupied  the 
pupillar}'  area.    Naturally,  a  permanent  result  only  is  to  be  expected,  where 
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the  dislocated  cataract  has  become  fixed.  Knapp^s  case  was  a  dislocated 
traumatic  cataract  which  had  formed  adhesions  with  the  iris.  Since  in 
cases  of  shrunken  traumatic  cataract,  the  zonula  zinii  is  frequently  drawn 
to  one  side,  and  the  interspace  foimd  considerably  wider;  so  an  iridectomie 
properly  made  will  aid  us  in  restoring  a  very  considerable  degree  of  vision. 

Von  Graefe  was  the  first  to  practice  iridectomie  in  cases  of  zonular 
cataract  in  1855. 

Though  we  might  look  upon  the  spontaneous  sinking  of  the  cataractous 
lens  out  of  the  pupillaiy  area  as  an  auto-cure,  it  may,  nevertheless,  if  it  is 
free  in  the  eye,  at  any  time  give  rise  to  secondary  glaucoma.  This  is  more 
apt  to  occur  when  a  freely  moveable  transparent  or  cloudy  lens  gets  in 
the  anterior  chamber.     The  extraction  becomes  a  necessity  in  both  cases. 


PART  V. 

THE  APHAKIC  EYE. 

DEFINITION  AND  DIAGNOSIS  OF  APHAKIA.  According  to 
the  suggestion  of  Donders  (Ametropie  en  hare  gevolgen,  Suermann  en 
Donders,  18(50,  p.  87),  we  designate  that  condition  in  which  the  lens  is 
absent  from  the  dioptric  system  of  the  eye  by  the  term  Aphakia  (a  pri- 
vativnm  and  fox^  the  lens  or  bean). 

Aphakia  may  be  produced  by  diflFerent  causes.  It  occurs  most  fre- 
quently as  a  result  of  operation  for  cataract  or  of  an  injury.  In  both 
ways  the  lens  may  either  be  removed  from  the  eye  at  once,  or  after  opening 
of  the  capsule  be  resorbed  in  the  eye,  or  simply  be  depressed  in  the  vitreous.- 
Under  the  latter  condition  the  lens  is  still  in  the  eye,  and  may  even  remain 
transparent  for  a  long  time.  We  axe,  however,  justified  in  designating  this 
conditioners  Aphakia,  since  the  lens  can  no  longer  influence  the  direction 
of  the  rays  of  light.  In  cascB'  of  incomplete  luxation  (be  this  traumatic  in 
its  nature  or  spontaneous,  or  as  in  cases  of  ectopia  lentis,  in  which  not  in- 
frequently part  of  the  pupil  is  free,  whereas  in  the  other  portion  of  the 
pupil  the  rays  of  light  as  they  enter  are  acted  on  by  the  lens),  there  exists 
a  double  condition  of  refraction.  As  a  rule,  myopia  and  hypermetropia 
are  present  at  the  same  time,  and  we  have  before  us  a  case  of  monocular 
diplopia.  The  myopia  is  due  to  the  increased  curvature  of  the  surface  of 
the  luxated  lens,  and  hence  in  an  emmetropic  eye  this  does  not  become 
very  great.  Whereas,  the  hyperopia  differs  in  no  way  from  the  refractive 
condition  of  a  completely  aphakic  eye. 

It  is  not  always  an  easy  matter  to  determine  the  presence  of  aphakia 
at  first  sight.  The  appearance  of  the  eye  depends  largely  on  the  method 
of  operation  employed,  the  kind  of  injury  produced,  and  the  manner  in 
which  the  process  of  healing  progressed.  In  the  foregoing  chapters  all 
those  symptoms  have  been  enumerated  which  could  serve  to  aid  us  in 
making  the  diagnosis  in  every  possible  case. 

Whether  the  operation  or  the  injury  has  been  followed  by  an  occlusion 
of  the  pupil,  one  can  judge  by  the  external  appearance  of  the  eye.  Where 
the  operation  was  combined  with  an  iridectomie,  or  the  lens  has  escaped 
from  the  eye,  in  consequence  of  a  rupture  of  the  sclera,  the  coloboma  ot 
the  iris,  or  the  displaced  pupil,  will  lead  us  to  investigate  the  condition,  and 
lead  us  to  determine  whether  or  not  the  lens  is  nresent.     But  if  we  are 
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dealing  with  a  case  in  which  a  successful  extraction  was  made  without  an 
iridectomies  or  a  case  of  simple  discission,  a  reclination  or  a  spontaneous 
sinking  of  the  lens  in  the  depths  of  the  eye,  the  aphakia  will  be  character- 
ized by  a  deep  anterior  chamber,  the  presence  of  iridodonesis,  the  absence 
of  the  Purkinje  figures  of  the  lens,  and  by  the  high  degree  of  hyperopia. 

This  abnormal  depth  of  the  anterior  chamber  will  be  all  the  more 
apparent  the  older  the  individual,  and  consequently  the  shallower  the  an- 
terior chamber  on  the  non-operated  eye.  In  cases  of  luxation  of  the 
lens,  or  ectopia,  it  is  the  unequal  depth  of  the  anterior  chamber  which 
directs  our  attention  to  the  proper  diagnosis. 

Iridodonesis  alone  is  not  positive  evidence  of  the  absence  of  the  lens, 
since  peripheric  tremulousness  of  the  iris  has  been  observed  in  cases  of 
high  myopia;  also  in  cases  of  fluidity  cf  the  vitr«Oiw,  without  the  lens 
being  luxated.  Trembling  of  the  iris  is  not  seldom  wanting  in  cases  in 
which  the  lens  is  absent,  as  per  example,  in  cases  in  which  the  iris  is  bound 
to  the  capsule  by  synechia,  but  also  where  it  is  entirely  free.  It  is  possible 
that  this  is  due  to  the  development  of  an  enormous  crj'stalline  pearl.  This 
trembling  of  the  iris  becomes  more  noticeable,  in  cases  in  which  either 
the  lens  moves  about  freely,  or  in  which  the  vitreous  which  contains  the 
l6ns  has  become  fluid. 

Parenthetically  it  may  be  here  stated,  that  often  in  old  people,  where  the 
Iris  has  not  been  excised,  the  reaction  of  the  pupil  Is  not  only  as  It  should  be. 
considering  the  age,  but  fre<iuently  is  more  active,  and  even  In  cases  In  which 
a  eoloboma  lias  been  made,  the  iris  reacts  to  light. 

The  presence  of  the  reflected  pictures  on  the  surface  of  the  lens  in 
doubtful  cases,  decide  the  pi^esence  of  the  lens  in  the  pupillary  area.  Fre- 
quently on  focal  illumination,  especially  when  an  additional  lens  is  used 
to  enlarge  the  images,  can  the  arrangement  of  the  I6ns  fibres  be  detected, 
or  at  least  can  we  recognize  its  presence  by  the  grey  reflex  of  its  substance. 
If  this  experiment  gives  us  a  negative  result,  we  can  only  be  positive  of 
the  absence  of  the  lens,  when  aside  from  the  reflected  picture  on  the 
cornea,  there  still  remains  a  second  in  the  pupil.  For  since  in  most  cases, 
even  when  the  operation  has  been  perfectly  successful,  the  posterior  cap- 
sule remains  in  the  pupil,  this  can  always  give  rise  to  a  reflected 
image.  This,  however,  as  a  rule,  owing  to  the  folds  in  the  capsule,  its 
want  of  curvature  is  exceedingly  large,  indistinct  and  distorted;  never- 
theless, I  have  repeatedly  been  able  to  observe  a  reflex  moving  in  the 
same  direction  as  the  source  of  light.  Woinow  ^  has  convinced  himself, 
that  this  is  an  upright  image,  and  he  concludes  that  this  reflecting  surface 

1  A.  f .  O.,  XIX.  3,  p.  110. 
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muBt  have  been  slightly  convex  anteriorly.    He  even  went  a  step  farther 

and  noted  that  these  pictures  grow  smaller  in  looking  at  near  objects. 

However,  the  images  were  too  indistinct  to  be  measured  with  the  opthal- 

mometer. 

Even  after  an  extraction  in  which  the  capsule  is  also  removed,  one 
can  frequently  demonstrate  a  reflecting  surface,  posterior  to  the  plane  of 
the  pupil.  In  the  case  of  a  woman,  36  years  of  age,  from  both  of  whose 
eyes  Becker  removed  shrunken  congenital  cataracts,  and  in  which  the 
microscope  had  given  the  absolute  certain  diagnosis  that  the  entire  capsule 
had  been  removed,  this  reflecting  surface  could  not  only  be  plainly  recog- 
nized, but  on  dilating  the  pupil  and  using  the  opthalmoscope,  one  could  see, 
most  distinctly,  the  radially  placed  torn  fibres  of  the  zonula  ziniL 

The  degree  of  hypermetropia  is  of  itself,  in  cases  of  emmetropic  and 
hypermetropic  eyes,  sufficient  to  make  a  diagnosis  of  aphakia,  for  it  is  a 
very  exceptional  thing  to  find  a  hyperope  of  J  or  J,  in  a  case  where 
the  lens  is  still  present.*  Degrees  of  i  to  |^  are  very  seldom  due  to  a 
short  axis.  The  diagnosis  of  aphakia  in  cases  of  high  myopia,  however, 
can  not  be  determined  optometrically. 

THE  OPTICAL  SYSTEM  IN  APHAKIA.  "Owing  to  the  removal 
of  the  lens,  the  complicated  dioptric  system  which  exists  under  normal 
conditions  in  the  eye,  now  becomes  the  simplest  of  which  it  is  possible  for 
us  to  conceive.  Notwithstanding  its  different  histological  structure,  we  may 
look  upon  the  cornea  as  having  an  index  of  refracting  about  the  same  as 
that  of  the  aqueous  humor.  The  very  slight  difference  which  was  found 
in  the  coefficient  of  refraction,  was  determined  by  measurements  made 
on  the  dead  cornea.  If  we  examine  a  hving  cornea  in  the  aqueous,  as  is 
well  known,  differences  will  only  begin  to  manifest  themselves  after  a 
time,  and  these  are  to  be  looked  upon  as  due  io  a  gradual  death  of  the  tissue. 
Hence,  during  life  the  cornea  is  not  only  to  be  looked  upon  as  homogenous, 
but  as  optically  like  the  aqueous." 

"Likewise,  there  is  scarcely  any  optical  difference  between  humour 
aqueous  and  corpus  vitreum.  Already  the  younger  De  la  Hire  found 
(1707),  at  the  time  he  was  called  upon  by  the  Akademie  to  answer  the  new 
teachings  of  Brisseau,  contrar}'  to  what  he  had  believed,  that  a  mixture  of 
aqueous  and  vitreous,  taken  from  a  pig's  eye,  remained  perfectly  clear,  and 
thus  proved  that  these  two  fluids  neither  exerted  any  chemical  change  on 
each  other,  nor  did  they  have  a  different  coefficient  of  refraction.  All  later 
investigations  have  simply  further  proven,  that  both  not  only  possess  the 
same  index  of  refraction,  but  that  this  is  the  same  as  that  of  distilled  water." 

a  In  order  to  translate  the  Inch  scale  to  the  Dioptre,  multiply  the  fraction  by 
forty.     Thus,  }  X  40= V=  10  D. 
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"If  we  will  simply  consider  the  results  of  the  investigations  of  the 
four  last  investigators,  Helmholtz,  Cyon,  Fleischer,  and  Hirschberg,  we 
will  see  that  they  respectively  place  the  coefficient  of  refraction  at  1.3365, 
1.33532, 1.3373,  1.3374,  and  that  of  the  vitreous  at  1.3382, 1.33566, 1.3369, 
1.3360,  and  we  will  further  see  that  all  these  figures  only  differ  in  the  third 
decimal  place.  And  further,  if  we  will  take  into  consideration  that  Cyon 
made  his  calculations  on  the  ox's  eye,  and  that  though  Helmholtz  and 
Hirschberg  have  found  differences  between  aqueous  and  vitreous,  which  ex- 
ceed somewhat  0.001,whichhowever,may  be  ignored, we  certainly  can  not  go 
amiss  if  we  accept  as  a  basis  for  our  work  the  figure  attained  by  Fleischer. 
But  since  Fleischer  has  drawn  attention  to  the  fact,  that  owing  to  the 
increased  temperature  of  the  blood  in  the  living  eye,  we  will  have  to  reduce 
the  refracting  indices  of  aqueous  and  vitreous  about  C.  0.001;  hence,  since 
our  calculations  are  to  be  made  for  the  living  eye,  we  may  place  the  index 
of  refraction  of  the  fluid  media  of  the  eye  in  aphakia — 1.3360,  which  agrees 
almost  exactly  with  the  index  of  refraction  of  distilled  water  as  determined 
by  Brewster— 1.3358." 

"According  to  Listing  it  is  not  the  surface  of  the  cornea  but  rather  a 
capillary  surface  of  tears  which  is  to  be  looked  upon  as  the  refracting  sur- . 
face.  Hence,  Hirschberg  had  a  happy  thought  when  he  determined  to 
estimate  the  index  of  refraction  of  the  tears.  This  equals  1.33705,  and 
hence  only  differs  in  the  third  decimal  place.  Hence  the  cornea,  the  center 
of  which  only  comes  under  consideration  here,  is  to  be  looked  upon  as  a 
perfectly  parallel  surface,  placed  between  two  fluids  of  equal  indices  of 
refraction,  and  hence  it  can  not  exert  any  dioptric  influence." 

The  same  may  "be  said  of  the  capsule  when  this  has  been  retained  In  the 
eye  after  a  cataract  operation.  It  may  be  folded,  and  reflect  the  light  and 
eomain  cloudy  masses  here  and  there,  absorb  the  light  and  cause  dispersion, 
but  It  can  never  act  as  a  refracting  medium. 

"This  capillary  gheath  of  tears,  which  fills  out  all  the  uneven  places 
on  the  corneal  surface,  and  which  is  to  be  looked  upon  as  the  true  refract- 
ing surface,  is  dependent  for  its  form,  as  a  matter  of  course,  on  its  under- 
lying structure,  the  cornea.  Its  curvature  is  determined  by  its  catoptric 
effect;  that  is,  by  the  size  of  its  images,  and  its  power  of  refraction  depends 
on  this  curvature  and  the  coefficient  of  refraction  (1.336)  of  the  transpar- 
ent media.  Though  the  cornea  is  not  spherical,  but  has  rather  an  ellip- 
soidal curvature,  one  may  ignore  this  departure  from  the  globular  form; 
since  in  the  first  place,  at  that  point  in  the  center  of  the  cornea  where  the 
visual  line  cuts  the  same,  this  departure  in  a  single  meridian  is  exceedingly 
slight;  and  secondly,  because  in  making  the  optometric  examination  of 
the  refractive  condition  of  the  aphakic  eye,  in  order  to  prescribe  cataract 
glasses,  we  only  make  use  of  spherical  glasses,  and  the  choice  of  the  same 
is  nearly  always  confined  to  the  condition  of  the  refraction  of  the  horizontal 
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meridian.    Hence,  for  the  present  we  will  not  consider  a  congenital  or  ac- 
quired asymetrie  in  the  curvature  of  the  c6mea.   (Astygmatism.)" 

"The  simple  dioptric  system  of  the  aphakic  eye,  which  we  shall  take 
as  our  model  for  all  our  future  considerations,  consists  of  a  spherically- 
curved  refracting  surface  and  two  refracting  media,  the  atmosphere  which 
has  an  index  of  refraction  1.000,  and  the  fluid  media  of  the  eye,  which 
have  a  refractive  index  1.336." 

"If  we  now  also  know  the  radius  of  curvature  of  the  refracting  sur- 
face, we  can  easily  determine  the  cardinal  points  of  the  system,  according 
to  Helmholtz's  simplified  formula  of  Gauss,  and  we  can  easily  determine 
the  interesting  equations  as  to  the  length  of  the  axis  of  an  aphakic  eye  of 
known  refractive  condition,  and  vice  versa,  given  the  length  of  the  axis; 
also  concerning  the  size  of  the  images  at  a  given  distance,  and  vice  versa; 
also  concerning  the  enlargement  on  combining  the  cataract  glalses  with 
the  aphakic  eye." 

Owing  to  the  great  simplicity  of  such  a  formula,  as  compared  with  that  of 
the  complicated  system  of  a  complete  eye,  Listing  came  upon  the  idea  of  sub*- 
stituting  the  dioptric  strength  of  his  average  schematic  eye  by  a  refracting  sur- 
face: however,  retniuiug  the  position  of  the  posterior  nodal  point,  and  thus  he 
constructed  his  so-called  reduced  eye. 

"However,  notwithstanding  the  analogy  which  exists  between  the 
reduced  and  the  aphakic  eye,  they  differ  in  that  in  the  lattcx  case  we  are 
always  in  a  position  to  measure  the  curvature  of  the  cornea  with  the  opthal- 
mometer,  so  that  we  are  no  longer  dealing  in  the  abstract,  but  are  met  by 
a  condition  of  affairs  which  really  exists." 

"Hence,  in  arriving  at  the  following  general  formulas  we  need  not 
confine  ourselves  to  the  computations  of  Listing  and  Helmholtz  in  their 
schematic  eyes.  This  is  the  result  of  the  work  of  Bonders  (1.  c,  p.  258, 
Eup.  Translation,  1864,  p.  310),  in  that  he  does  not  use  the  average  i*adius 
of  curvature  of  the  cornea  of  the  aphakic  eye,  as  computed  by  Listing  and 
Helmholtz,  8  mm.,  but  he  uses  the  results  of  his  own  measurements,  made 
on  eyes  of  old  men,  the  average  of  which  he  placed  at  7.7  mm." 

"Lender  these  conditions  the  average  measurements  of  the  aphakic  eye 
will  be  as  follows:  Corneal  radius,  7.7  mm.;  index  of  refraction  of  the 
media  of  the  eye,  1.3360.  The  anterior  focal  distance,p^= 22.91  mm. 
The  posterior  focal  distance,  ^^=30.61  mm." 

"From  this  we  see  that  the  visual  axis  in  a  case  of  normal  curvature 
of  the  cornea  must  have  a  length  equal  to  30.61  mm.,  in  order  that  parallel 
rays  of  light  may  come  to  a  focus  on  the  retina  in  a  case  where  the  lens 
is  wanting.  But  since  the  length  of  the  axis  is  almost  always  much  shorter, 
hence  in  general  we  find  the  aphakic  eye  hyperopic  to  a  high  degree. 
From   now   on   I   shall    designate   the   hyperopia   as   aphakic   hyperopia,^' 
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"In  order  to  find  the  degree  of  aphakic  hypermetropia,  with  a  giyeu  length 
of  the  TlBual  axis,  we  need  only  calculate  to  what  point  behind  the  cornea  the 
incidental  rays  must  converge,  in  order  after  refraction  by  the  cornea,  to  unite 
qn  the  retina.  This  is  done  according  to  Helmboltz's  formula  (1.  c,  p.  44). 
/^.yil.^  and  f^^er^"'^  ,  in  which  /^  the  length  of  the  visual  axis  and  //  the 
point  sought  behind  the  comea. 

According  to  the  same  formula  we  can  also  determine  the  length  of  the 
visual  axis,  when  the  focal  distance  of  the  glass  which  corrects  the  hyperme- 
tropia  and  its  distance  from  the  center  of  the  cornea  are  known.  Accordingly, 
as  this  glass  is  held  at  a  greater  or  less  distance  from  the  eye,  eyes  with  vary- 
ing lengths  of  the  visual  axis  can  see  in  the  distance.'' 

EMMETROPIC  APHAKIA.  "The  finding  of  the  proper  glass  with 
which  an  aphakic  eye  can  see  in  the  distance  is  practically  a  matter  of 
experiment.  In  order  to  do  this,  we  either  follow  the  suggestion  of  Bond- 
ers, using  a  luminous  point;  or  we  use  the  Snellen's  test  types,  such  as  are 
usually  employed  in  testing  cases  of  refraction.  By  this  means  we  at  the 
same  time  gain  an  idea  as  to  the  acuity  of  vision." 

f>xperience  has  taught  us  that  a  glass  which  has  a  focal  length  of 
more  than  3.5"  (+11  D),  will  be  required  in  order  to  see  distinctly  in  the 
distance.  In  the  last  hundred  cases  operated,  thirty -five  received 
glasses  of  -^,  (-f  ll'D);  fifty-two  glasses  ranging  between  J  (H-10  D)  and 
\  (H-  11  D).  Aside  from  this  twenty-four  glasses  No.  \  (  +  10D);  so 
that  by  adding  these  together,  we  -find  that  seventy-six,  about  three-quarters 
of  all  those,  received  cataract  glasses  of  J  to  ^^  Only  eight  patients 
saw  distinctly  in  the  distance  with  stronger  glasses,  and  sixteen  with  weaker 
glasses.  The  weakest  glass  which  I  ordered  was  for  i^,  the  strongest  J 
This  agrees  with  Snellen's  statements,  who  gave  a  glass  of  31^  in  65  per 
cent,  of  cases;  in  11  per  cent,  stronger,  and  in  24  per  cent,  weaker  glasses. 
(If  Westhoff  doubts  these  figures  for  acquired  H,  this  must  evidently  be 
a  clerical  error  for  Bonders,  from  whose  reports  the  above  statements  are 
taken,  is  likewise  of  the  opinion  that  in  the  majority  of  cases  a  glass  of 
J  to -^  (+10D  to-f  11  D)  will  be  necessary  to  see  distinctly  in  the  dis- 
tance.)   The  conditions  are  confirmed  by  all  i-eports. 

"If  we  assume  the  average  distance  at  which  a  cataract  glass  is  placed 
from  the  cornea,  equal  to  0.5",  we  would  still  find,  taking  into  consider- 
ation the  distance  of  the  nodal  point  from  the  cornea,  in  the  majority  of 
cases  after  the  cataract  operation,  the  acquired  H  would  equal  S-^  the 
radius  of  cornea  being  7.7  mm;  the  length  of  the  optical  axis  being  23.86 
(7)  mm." 
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"(In  the  case  of  the  schematic  eye,  the  radius  of  the  cornea  would  be 
8  mm.,  and  the  length  of  the  optic  axis  would  be  24.5  mm.,  which  would 
be  more  than  above.)  Hence  such  an  eye,  having  a  corneal  radius  of  7.7 
mm.,  an  index  of  refraction  of  1.3360,  and  an  optical  axis  of  23.86  (7)  mm., 
may  be  looked  upon  as  an  enmietropic  eye.  We  therefore  call  it  the  emme- 
tropic-aphakic eye^ 

"Very  frequently,  however,  the  distance  of  the  center  of  the  glass  is  farther 
removed  from  the  center  of  the  coruea  than  0.5".  Where  the  distance  of 
the  glass  is  0.75*',  the  length  of  the  optic  axis  is  reduced  (7.7  mm.  radius) 
to  23.39  mm.  Hence,  it  is  stiU  considerably  greater  than  is  the  case  in  Helm- 
holtz's  schematic  eye  (22.23).  If  we  wlU  now  assume  that  most  cases  of  senile 
cataract  occur  in  eyes  which  were  emmetropic  before  they  became  cataractous, 
and  became  atfected  with  senile  hypermetropia,  we  come  upon  a  contradiction 
between  the  average  length  of  the  optical  axis  as  determlnedr  ht^  Helmholtz, 
and  ourselves,  after  cataract  operations,  and  according  to  optometric  exami- 
nations.*' 

In  any  special  case,  we  need  not  satisfy  ourselves  with  the  average 
length  of  the  radius  of  the  cornea  after  a  cataract  operation,  for  we  can 
obtain  this  accurately  by  measurements  made  with  the  opthalmometer. 
Here  assuming  that  the  index  of  refraction  of  the  vitreous  has  not  changed, 
we  can  obtain  the  exact  length  of  the  axis.  In  the  following  table  I  have 
taken  those  in  which  the  corneal  radius  was  measured  in  the  horizontal 
meridian  with  the  opthalmometer  before  the  operation  by  Eeuss  and 
Woinow.  Since  the  distance  from  the  eye  is  not  stated,  I  have  taken  this 
to  be  in  one  case  0.5";  in  another  as  0.75".  From  these  tables  it  also  be- 
comes evident,  that  the  average  length  of  the  axis,  without  exception,  is 
greater  than  is  the  schematic  eye." 

Hence,  it  follows,  that  not  only  the  corneal  radius  given  is  too  great, 
but  that  also  the  refractive  strength  of  the  lens,  be  this  the  result  of  im- 
proper position  or  a  too  great  absolute  strength,  has  been  assumed  too  great. 
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TABLE  VII. 

• 

NAME. 

p^. 

Focal  Distance 

of  the  Glasses 

Ordered  for 

DisUnce. 

/=- 

Haph, 

Visual 
Axis 

A=- 

H  a/h. 

Length 
of  Axis 

Pischinger     .   . 

8  0780 

9.''''5 

9.^^00 

1 
8.65 

29^^88 

8.''7 

1 
8.40 

^/^m 

Nitach     .... 

7.9275 

6.00 

5.5 

1 

27.10 

5  25 

1 

26  66 

Werhotta   .    .    . 

7.7282 

4.6 

4.0 

5.15 

1 
8.65 

25.20 

8.75 

4.9U 

I 
S.40 

25.70 

Pohlhammer 

7.4954 

8.75 

8.25 

1 
2.90 

24.84 

3.00 

I 
2.6ft 

24.86 

Donabaum     .    . 

8.1794 

3.5 

8.00 

1 
2.66 

24.86 

2.75 

1 
2.40 

24.84 

Furtlehmer  .    . 

7.8976 

(C 

II 

tt 

24.20 

a 

- 

28.70 

Kaiger    .   .    .   . 

7.6108 

(( 

i< 

t« 

28.71 

II 

jj 

28  04 

Leisser    .    .    .   . 

7.4155 

U 

It 

28.05 

II 

22.60 

Dolak     .... 

7.8740 

8.25 

2.75 

1 

28.68 

2.5 

2  16 

28.17 

Matcheky  .    .   . 

7.5862 

«« 

11 

2.40 

28.07 

<i 

11 

22.54 

Fisher     .    .   .   . 

7.8544 

8.00 

2.5 

1 
2.15 

21.98 

2.25 

1 
1.90 

21.84 

(>h=  Radius  of  horizontal  meridian  of  cornea ;  /,  as  in  formula  on  page  876.     H. 
aph,  aphakic  hypermetropia ;  /,  as  given  on  page  876,/  determined  length  of  axis. 

MYOPIC  AND  HYPERMETROPIC  APHAKIA.  "If  the  eye  was 
myopic  previous  to  the  operation,  it  will  require  weaker  glasses  after  the 
operation.  And  likewise,  where  an  eye  requires  a  weaker  glass  after  oper- 
ation to  see  in  the  distance,  we  conclude  that  the  eye  must  have  been  myopic. 
We  can  then  also  approximately  judge  the  degree  of  myopia.  Bonders  reports 
a  case  in  which  an  aphakic  eye  was  not  improved,  either  by  use  of  a  plus 
or  minus  glass.  In  this  case  the  visual  axis  of  an  eye  which  had  become 
emmetropic  by  aphakia,  must  have  had  a  length  of  30  mm.,  and  from  this 
we  may  draw  the  deduction  that  as  long  as  the  lens  was  present  in  the  eye 
there  must  have  existed  a  myopia  of  about  J  ( — 10  to  — 11  D).  A  glass 
of  J  (-1-5  D)  or  less  is  now  sufficient  to  see  in  the  distance,  and  not  in- 
frequently patients  state  that  they  now  see  better  with  a  -f  4  D,  or  -h  6  D,or 
less,  than  they  formerly  did  with  the  myopia  of  ^  ( — 8  D)  or  more." 

"Bonders,  who  drew  attention  to  the  fact  that  zonular  cataract,  as  a 
rule,  is  associated  with  myopia,  was  given  the  opportunity  to  measure  the 
radius  of  curvature  of  the  cornea  in  three  cases,  which  were  myopic  before 
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and  hypertropic  after  the  operation,  and  from  this  he  determined  the  length 
of  the  optic  axis.  Table  A^III  shows  their  length.  It  happens  that  in 
the  first  case  the  axis  of  curvature  of  the  cornea  is  somewhat  shorter,  and 
in  the  two  latter  somewhat  longer  than  usual.  Hence,  from  the  length  of 
the  visual  axis  one  can  determine  the  degree  of  myopia.*' 

TABLE  VIII. 


AMETROPIA. 

CrRVATr«K 
Radius  op 

CORNBA. 

Calculated 
i«bngth  op 

After  the  Operation. 

THB  Visual 
Axis. 

M=l:6 

M:=l:8.5 

M~l:24 

H=l:5.12 

H=l:4.5 

H=l:8.2 

7.6 

7.92 

8.04 

26.96 
26.89 
26.02 

"We  find  that  congenital  hyperopia  acts  in  exactly  the  opposite  man- 
ner. However,  Donders  declares  that  one  seldom  finds  an  aphakic  H  > 
1:2.5.  I  do  not  remember  that  I  even  prescribed  a  stronger  convex  glass 
than|.  In  the  two  hundred  cases  reported  by  Snellen,  I  find  only  two 
cases  in  which  2^  was  prescribed.  One  of  these  cases  had  been  previously 
operated  on  (iridectomie)  for  glaucoma,  and  with  success." 

AVERAGE  MEASUREMENT  OF  THE  EMMETROPIC  EYE. 
"Based  on  the  values  given  for  the  emmetropic  eye  in  the  foregoing  para- 
graph, we  can  construct  an  absolutely  emmetropic  average  eye,  if  we  will 
reconstruct  the  lens  within  the  same.  Of  this  lens  we  neither  know  its 
focal  distance  nor  the  position  of  its  principal  points;  however,  we  do 
know,  that,  it  must  fulfill  certain  conditions,  namely,  to  cause  rays  of  light 
which  enter  the  aqueous  converging,  so  as  to  meet  at  30,  (Jl  mm.  behind  the 
cornea,  to  so  alter  their  course  as  to  come  to  a  point  at  28.36  mm.  To  this 
problem  there  are  an  indefinite  number  of  solutions,  in  that  the  focal  dis- 
tance of  the  lens  is  dependent  on  the  position  of  the  principal  points,  and 
vice  versa.  The  calculation  has  shown,  that  a  lens  having  the  focal  dis- 
tance, as  in  the  schematic  eye  (43.707  mm.),  answers  the  above  condition 
when  its  conjoined  principal  point  is  9.754  mm.  posterior  to  the  cornea. 
According  to  our  anatomical  knowledge  such  a  position  of  the  lens  is  an 
impossibility.  However,  if  we  will  calculate  the  focal  distance  of  a  crj'stal- 
line  lens,  the  optical  center  of  which  shall  be  in  the  nodal  point  of  the 
aphakic  eye  (7.7  mm.  behind  the  center  of  the  cornea),  and  which  shall 
answer  the  above  conditions,  we  will  obtain  a  value  of  54.84  mm.  Such  a 
position  of  the  lens  is  a  possibility,  though  it  has  not  been  anatomically 
proven.  Since  following  an  operation  we  desire  to  calculate  for  the  aphakic 
eye  what  the  previous  refractive  condition  was,  we  must  determine,  as  has 
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already  been  explained,  what  the  true  conditions  are  in  the  emmetropic 
eye,  and  to  do  this  the  schematic  eye  does  not  suffice;  hence,  I  give  below 
the  calculation  made  for  an  average  emmetropic  eye." 

r=7.7  mm.,  e=1.3860,  f,=23-86  mm.,  focal  distance  of  the  lens=54  84 
mm.  and  position  of  the  same=7.7  mm.,  J^i=16.15  mm.,  jP2=21.59  mm. 
Position  of  iTi =2.25  mm.,  i?,=2.28  mm.,  Jri=7.68  mm.,  JS',=7.71  and 
finally  the  position  of  jPi=:— (16.16— 2.25)=— 18.90  mm.,  and  the  position 
of  J',=23.87mm. 

Finally,  it  is  interesting  to  note  that  according  to  Helmholtz  the  focal 
distance  in  ihe  air  of  the  lens  in  his  schematic  eye  is  8.9  mm.;  whereas,  ac- 
cording to  ours  this  has  fallen  to  11.16  mm." 

"In  the  construction  of  our  average  emmetropic  eye  we  have  made  two 
assumptions.  It  is  only  an  assumption,  and  has  not  been  proven  that  an 
aphakic  eye,  which  has  its  H.  neutralized  by  a  lens  of  3.5"  focal  distance, 
placed  at  0.5"  distance  from  the  centre  of  the  cornea,  must  have  been 
emmetropic  before  the  operation.  Owing  to  the  very  great  importance  of 
the  propositions  which  must  follow,  it  is  a  matter  of  the  greatest  im- 
portance, and  its  value  can  hardly  be  estimated,  if  it  were  to  become  pos- 
sible to  determine  the  aphakic  H.  exactly,  in  eyes  in  which  the  condition 
of  refraction  is  known.  The  second  assumed  factor  is  the  position  of  the 
the  lens.  If  it  should  ever  happen  that  we  should  be  enabled  to  make  an 
extraction  on  an  eye  which,  before  becoming  diseased,  had  been  under  ob- 
servation, and  in  which  we  had  estimated  the  refraction,  the  corneal  cui-va- 
ture,  the  depth  of  the  anterior  chamber,  and  the  curvature  of  the  anterior 
surface  of  the  lens;  and  again,  after  the  extraction,  estimate  its  refraction 
and  its  corneal  curvature,  this  would  certainly  materially  aid  us  in  our 
estimates,  concerning  our  knowledge  of  the  lens  system  in  the  living  human 
eye.  As  this  would  also  aid  us  in  determining  the  index  of  refraction  of 
the  lens  and  its  individual  lamella,  the  only  fact  still  remaining  unknown 
would  be  the  form  of  the  posterior  surface  of  the  lens,  and  on  which  the 
thickness  of  the  lens  depends.  Under  these  existing  conditions  it  seems 
proper  that  the  following  figures  should  be  stated  as  having  a  direct  bear- 
ing on  the  question. 

TABLE  IX. 


Namb. 


Schwellcr .  . 
Weiss 

Hilbert 

Kircher   .  .  . 


Nom-opbratbd. 


Opbratbd. 


11 
11 


Byb. 


L. 


40  j  R 


R. 


1 
"  86 

1 
'86 

_L_ 
36 

1 
914 


9^- 


7.74 
7.87 
7.6414 

7.2828 


Bye 


Opbration. 


Discission 

r  Discissio  mo- 
\       dificato 

Graefe*s  Ext. 


//«/A.      i»l. 


1 

2.4 

1 
•2.7 

_1 

3.17 

_J 

4.22 


7.526 
7.66 
7.024 
7.247 


I«BNGTH 

OF  Axis. 


28.086 
23.787 
22  779 
24.466 


''The  above  table  contains  a  series  of  figures  bearing  on  the  condition 


382 

found  existing  in  four  individuals,  in  each  of  whom  an  eye  had  been  oper- 
ated on  for  cataract;  whereas  the  other  eye  still  had  a  transparent  lens^  and 
in  which  the  refractive  condition  could  be  estimated  by  the  test  types  and 
the  opthalmoscope.  An  exact  inquiry  into  the  history  of  the  case  showed 
that  previous  to  the  disease  the  patient  had  seen  equally  good  with  both 
eyes.  In  order  to  determine  the  lebgth  of  the  axis  of  the  aphakic  eye,  the 
distance  between  the  glass  and  the  cornea,  was  estimated  as  nearly  as  pos- 
sible. Though  the  radius  of  the  cornea  may  be  diminished  in  its  horizontal 
meridian  as  a  result  of  the  operation,  this  will  not  shorten  the  length  of 
the  axis  of  the  eye.  Hence,  one  may  safely  transfer  the  investigation  of 
this  point  to  the  sound  eye.  In  the  fourth  case  the  length  of  the  axis  ap- 
pears relatively  short,  owing  to  the  abnormally  increased  corneal  curva- 
ture; especially  if  one  will  compare  this  case  with  an  analogous  one,  case  2, 
in  table  VIII.  In  that  case  the  corneal  radius  was  abnormally  large,  here 
it  is  abnormally  small.  The  minimum  measurement,  according  to  Bon- 
ders, of  7.28  mm.,  coincides  exactly  with  the  radius  of  Elircher's  case.  A 
portion  of  the  myopia  hence  is  dependent  on  the  cornea,  and  in  this  case 
we  are  dealing  with  one  of  corneal  myopia.'' 

"Conditions  which  exist  between  aphakic  H.,  length  of  the  optic 
axis,  and  also  the  B.  previous  to  the  operation.  In  preparing  the  following 
table,  which  shall  serve  to  illustrate  the  mutual  dependence  between  the 
degree  of  H.  aphakia  and  the  length  of  the  optical  axis,  I  have  started  with 
the  express  value  of  F.  The  value  of  f .  was  obtained  from  the  well  known 
formula,/,=^^.and  according  to  which  this  table  has  been  estimated. 
On  these  values,  taking  into  consideration  the  distance  of  the  glass  from 
the  center  of  the  cornea  and  the  nodal  point  in  the  aphakic  eye,  the  values 
of  the  correcting  glass  and  the  aphakic  H.  are  dependent." 
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A-Mm. 

/ 

Hae^uisita, 

(Distance 
from  K— 77.) 

CORRBCTXNO  GLASS  WHEW 

Distance  from  Eye. 

R. 

Mm. 

P.  Z. 

13.54  Mm.- 
05  P. 

30.31  Mm.— 
05  P. 

80.61 

CO 

00 

1 
00 

0 

0 

- 

1 
2.5 

29.66 

640.92 

24 

1 
28.65 

1 

24.5 

1 

24.75 

- 

1 
8 

28.58 

324.66 

12 

1 
11.65 

1 
12.5 

1 

12.75 

- 

1 
3.5 

27.24 

216.64 

8 

1 
7.65 

1 
8.5 

1 
8.75 

- 

1 
46 

26.81 

168.48 

6 

1 
6.65 

1 
6.6 

1 
6.76 

- 

1 
6.7 

26.16 

186.80 

5 

1 
4.65 

1 
5.6 

1 
5.75 

- 

1 
6.4 

26.75 
26.25 

121.86 
108.82 

4.6 
4 

1 
4.15 

1 
365 

1 
5 

1 
4.6 

1 
5.25 

4.75 
1  . 

— 

1 
7.6 

1 
10.0 

24  68 

94.78 

8.6 

1 
8.15 

1 
,4 

1' 
4.25 

~ 

1 
1.75    . 

28.86 

81.24 

8 

1 
3.65 

1 
8.6 

1 
J3  7o 

1 
00 

28.40 

74.47 

2.75 

1 
2.4U 

1 
3.25 

1 
35 

+ 

1 
27.7 

22.87 

67.47 

2.5 

1 
^.16 

1 
8 

1 
325 

-f 

1 
.12.0 

22.24 

60.98 

2.26 

1 
1.90 

1 
2.75 

1 
3 

4- 

1 
7.1 

21.61 

64.16 

2.0 

1 
J.otf 

1 
2.5 

1 
2.73 

-f- 

1 
46 

•  The  last  column  of  figures  requires  an  explanation.  It  is  designated 
R.  (refraction).  The  reciprocal  values  which  they  represent  are,  according 
to  Zehender's  suggestion,  the  various  grades  of  hypermetropia  where  they 
are  minus,  and  the  various  grades  of  myopia  when  they  are  positive,  and 
emmetropia  is  designated  by  i.  All  these  values  have  been  estimated  ac- 
cording to  the  formula:  /  -  /^  =    /'  \     0.   Helmholtz,  1.  p.  49,  7* 

Since  f,— P.  represents  the  diiference  of  position  between  the  retina 
of  the  emmetropic  and  the  ametropic  eye,  hence  it  became  necessary  in  the 
foregoing  paragraph  to  determine  for  the  emmetropic  eye  the  length  of 
its  axis,  and  f6r  this  reason  it  was  given  in  the  one  table  as  23.86  mm.'^ 

*'As  a  matter  of  course,  this  table  only  contains  the  average  values. 
A  comparison  of  this  table  with  the  foregoing  one  will  serve  to  clear  up  all 
the  causes  of  all  individual  differences." 
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ACCOMMODATION  OP  THE  APHAKIC  EYE.     "The  eye  doe« 
not  dea^st  from  maMng  accommodation  eftorts  after  the  loss  of  the  lens^ 

s?o„^H  T  ''°''.*^"°  "^  accommodative  effort  on  which  Bonders,  and 
so  corm^tly,  lays  such  great  stress,  is  very  evidently  pre^nt.  Not  only  do 
pahents  who  have  been  operated  on  one  eye  or  both,  without  any  knowl- 
edge of  the  subj^t,  express  themselves  very  plainly,  stating,  that  notwith- 
standing every  effort,  they  are  not  able  to  see;  but  in  tho  e  cases  wh  re 

dation,  mtelhgen  patients  state,  that  they  are  made  aware  of  the  well- 
known  sensation  in  the  operated  eye." 

an^  iT^t^i,"''"  ^•'°"^'*'r'  ^°  '^^^^  ^here  no  iridectomie  has  been  made, 
fonotff       ''"  ""T"^"  insufficiency  is  present,  the  aphakic  eye  wil 

spondent  movement  of  convergence,  and  likewise  the  pupil  will  undergo 
contraction  or  dilaHon.  Hence,  there  can  be  no  doubt,  that  in  both  eves 
the  muscle  of  accommodation  has  a  similar  innervation,  and  is  likewise 
incited  to  contract.  This  view  is  further  strengthened  bv  a  series  of  patho- 
logical experiences  which  have  already  been  referred  to.'  These  accommo- 
dative efforts,  however,  have  no  result.  With  the  hss  of  the  lens  every  trace 
of  accommodative  power  passes  away.  Bonders  has  given  us  the  proof  of 
this  axiom/' 

1.  '^A  .youthful  individual  was  successfully  operated  on  both  eyes  for 
rongemtal  cataract     By  using  glasses  J  (+7.6  D),  6"  from  the  eye,  he 
saw  a  luminous  point,  perfectly  round  and  sharply  defined.     A  screen 
was  placed  between  the  one  eye  and    the    luminous    point,    and    now 
m  converging  so  as  to  cause  the  visual  axis  of  both  eyes  to  be  directed 
to    this    screen,    this    luminous    point  still    appeared  unchanged,  or  at 
most  somewhat  smaller  and  more  sharply  defined.    If  now  this  lens  before 
the  eye  was  only  moved   forward,    (10    mm.),    this   luminous   point    in 
distance  ceased  to  be  so  sharply  defined,  and  seemed  to  be  elongated  in  the 
opposite  direction.    This  visual  line  became  slightly  shorter  on  converging, 
without,  however,  becoming  merged  into  a  single  point.    This  shortening, 
as  well  as  the  diminution  in  size  of  the  point  which  had  been  so  sharply 
defined,  seemed  to  depend  on  the  narrowing  of  the  pupil  during  the  act 
of  convergence.  2.  In  a  second  cataract  operation, made  on  a  very  intelligent 
young  man,  Bonders  was  further  enabled  to  determine,  that  where  a  point 
of  light  could  be  sharply  seen  by  using  a  certain  lens,  the  addition  of  a  lens 
of  light  could  be  sharply  seen  by  using  a  certain  lens,  the  addition  of  alensof 
+TJiror  -jl^iwould  materially  change  the  sharpness  of  the  image.    In  a 
third  case  this  difference  was  noticeable  on  the  addition  of  a   +^.    In- 
variably the  patients  state,  by  the  addition  of  a  +jhf>  t^e  image  becomes 
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drawn  out  vertically,  and  by  the  use  of  a  — j-^  in  the  horizontal  direction. 
Whereas,  by  converging  of  the  visual  line,  in  making  his  experiment,  so  as 
to  see  near,  was  not  followed  by  the  slightest  effect  on  the  form  of  the 
images.  If  one  will  make  an  exact  examination  of  the  amount  of  vision 
(V=^)  in  an  aphakic  eye,  for  some  particular  point,  for  which  the  eye  is 
equipped  with  a  certain  glass,  and  will  then  further  examine  the  amount 
of  vision  which  the  eye  possesses  for  points  lying  either  in  front  of  or  be- 
hind the  selected  point,  one  will  find  the  vision  becomes  reduced  in  both 
directions.  From  this  it  must  follow,  that  the  eye  does  not  possess  any 
accommodation,  for  if  it  did  the  amount  of  vision  would  either  remain  the 
same,  or  in  cases  of  positive  accommodation,  owing  to  the  object  being 
brought  closer  to  the  eye,  and  the  moving  forward  of  the  second  nodal 
point,  even  became  somewhat  greater  (Coert  over  de  scynbare  accommo- 
datie  by  aphakic).  The  truth  of  these  experiments,  undertaken  at  the 
suggestion  of  Bonders,  became  all  the  greater,  since  it  was  further  shown 
that  the  circles  of  dispersion,  the  pupils  being  of  equal  size,  became  larger 
instead  of  smaller  in  cases  in  which  there  was  an  aphakic  dioptric  system." 

"During  the  previous  century,  this  question  of  tbe  recommodation  of  the 
aphakic  eye  (see  Donders,  1526)  was  the  subject  of  very  extensive  investigations, 
carried  on  especially  by  English  physicians  and  in vestigatc  rs  in  natural  sciences. 
Hunter  attempted  to  prove  the  correctness  of  the  theory  which  had  been  ac- 
cepted since  the  time  of  Leeuwenhoek,  namely,  that  the  lens  was  made  up  of 
muscular  jQbres,  and  that  by  means  of  their  contraction  and  relaxation  we  were 
enabled  to  accommodate  for  various  distances.    His  successor.  Home,  hit  upon 
the  lucky  idea  of  deciding  this  question  of  accommodation  by  making  his  inves- 
tigations on  the  aphakic  eye.    In  this  work  he  sought  the  assistance  of  Rams- 
den,  and  both  came  to  the  conclusion  that  even  without  a  crystalline  lens  there 
exists  considerable  accommodation.    They,  however,  made  no  further  investi- 
gations after  they  found  that  Benjamin  Clark,  who  had  been  operated  on  for 
cataract/  and  on  whom  they  made  tiieir  investigations,  could  read  at  diflPerent 
distances  with  the  same  glass.    Home  then  conceived  the  idea  that  the  cornea 
changed  its  form  during  the  act  of  accommodation.    In  investigations  made  in 
this  direction,  they  distinctly  saw  the  cornea  advance  further  forward,  and 
from  this  they  concluded  that  the  cornea  became  more  convex  on  accommo- 
dating for  near.     On  November  27,  1800.  Thomas  Young  appeared  before  the 
Royal  Society,  and  opposed  both  of  these  statements  of  Ramsden  and  Home, 
and  proved  in  the  most  convincing  manner  that  in  seeing  near  objects  neither 
the  cornea  became  more  convex  nor  did  the  visual  axis  become  elongated,  and 
aside  from  this  he  proved,  not  only  by  exclusion,  but  by  the  most  positive  facts, 
that  the  seat  of  accommodation  could  only  be  found  in  the  lens  itself. 

"Assisted  by  his  friend  AVare,  he  Ukewise  examined  a  series  of  oases  of 
aphakia.    In  doing  this  he  employed  Porterfl eld's  optometer,  which  is  based  on 


386 

the  principle  of  Sclieiner's  experiments,  and  be  convinced  himself  that  the  points 
of  intersection  of  the  threads  across  the  image  always  are  seen  exactly  in  the 
same  position.  Wherever  a  slight  difference  occurred,  he  could  always  find 
that  a  corresponding  change  in  distance  t>etween  the  eye  and  the  glass 
was  to  blame.  Young  further  found  that  in  making  the  Scheiner's  experiment, 
if  small  objects  were  seen  double  the  patients  were  not  able,  by  exerting  any 
degree  of  effort,  to  bring  the  objects  closer  together.  Though  he  stated  that 
his  results  were  only  "tolerably  satisfactory/'  nevertheless  this  seems  really 
to  have  settled  the  question.  It  is  a  well  known  fact  that  these  investigations 
of  Thomas  Young,  "On  the  Mechanism  of  the  Rye,"  had  long  been  forgotten; 
hence,  it  can  not  be  so  much  of  a  surprise  to  find  such  men  as  Arlt  and  others 
ascribing  to  the  aphakic  eye  a  slight  degree  of  power  to  adapt  itself  to  various 
distances.  The  question  again  became  an  important  one  after  Kramer,  in  1852, 
had  given  us  the  direct  proof  that  the  lens  becomes  more  convex  during  the 
act  of  accommodation.  Since  it  was  exceedingly  difficult  to  prove  that  these 
images  on  the  lens  diminished  in  size  to  a  degree  proportionate  to  the  extent  of 
accommodation  as  measured  by  the  optometer,  hence  they  tried  to  positively 
settle  the  question  by  determining  whether  a  trace  of  accommodation  still  re- 
mained after  loss  of  the  crystalline  lens.  The  first  investigations  made  in  this 
direction  by  Von  Graefe  did  not  clear  up  this  subject.  (Beobachtungen  uber  die 
Accommodation  bei  Linsen  defect  u.  s.  w.  Arch,  fur  Opthal.,  II,  1.  p.  187.  1856). 
Graefe  verified  Ramsden's  experiments.  "Only  lately  I  examined  a  patient  who 
had  undergone  an  operation  for  cataract  on  both  eyes  but  four  weelts  previously, 
and  he  could  read  medium  sized  print  (No.  77  Yager's  test  types)  with  a  -|-3  con- 
vex, at  a  distance  of  6"  to  20*'.  But  since  only  a  short  time  previous  to  this  he 
himself  had  explained  why  eyes  with  high  degrees  of  hypermetropia  are  better 
able  to  distinguish  small  objects,  notwithstanding  the  increased  size  of  the 
circles  of  dispersion,  when  they  bring  the  object  much  closer  to  the  eye;  hence, 
he  was  admonished  to  be  careful,  and  thus  was  enabled  to  express  the  opinion, 
'that  shortly  after  a  cataract  operation  there  was  either  none  whatever  or  pos- 
sibly only  a  trace  of  accommodation  left.  And  where  he  says  that  the  amount 
of  adaptability  in  the  operated  eye,  as  compared  with  that  existing  under  nor- 
mal conditions  Is  exceedingly  slight,  his  doubt  as  to  the  remnant  of  accommo- 
dation left  is  of  such  a  character,  that  he  sought  for  a  means  to  explain  this.*' 

"The  cause  for  these  unsatisfactory  results  was  owing  to  the  fact  that  the 
idea  of  *width  of  accommodation'  and  'amount  of  vision'  had  not  yet  been  so 
accurately  determined.  After  Helmholtz  had  expressed  himself.  *In  order  to 
prove  that  accommodation  is  still  present  the  patient  must  be  able  to  distin- 
guish an  object  at  a  given  distance  distinctly  or  indistinctly,  even  after  he  has 
attempted  to  see  an  object  at  the  same  or  at  a  greater  distance.'  it  still  re- 
mained for  Bonders  to  give  us  the  accurate  proof,  that  an  aphakic  eye  possessed 
absolutely  no  power  of  accommodation.  (See  text.)  Hence,  it  will  be  a  matter 
of  the  greatest  surprise  to  learn  that  in  1872  Poerster  (Klin.  Monatblatt  p.  39. 
Accommodations  vermogen  bel  Aphakic)  expressed  himself,  that  accommodation 
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was  present  In  eyes  devoid  of  a  lens.  Foerster  has  nothing  further  to  offer  us 
than  the  Home-Ramsden  experiments,  and  he  even  neglected  in  the  single  case 
which  he  examined  to  make  an  accurate  test  of  the  refract  on,  to  give  the  amount 
of  vision  for  distance,  the  size  of  the  test  type  used,  and  to  inform  us  whether 
or  not  care  was  taken  to  see  that  the  lenses  were  properly  centered,  so  as  to 
coincide  with  the  visual  axis.  Hence,  it  seemed  hardly  necessary  to  reply 
to  his  paper.  Nevertheless,  it  called  forth  a  mass  of  refutations.  Mannhard  re- 
repeated  Ransden's  experiments,  using  the  Snellen  test  type  and  Burghardfs 
dotted  tests.  The  more  delicate  the  object  used  the  more  delicate  these  tests 
for  amount  of  vision  and  distance  became;  the  more  this  apparent  width  of  ac- 
commodation shrank  together.  I  was  enabled  to  get  the  same  mentioned  col- 
league and  make  these  experiments  on  him,  and  I  also  used  the  rodoptometer, 
the  apparent  width  of  accommodation  equaled  with  -f  %  and  Sn  No.  1^  about 
^,  with  Burghardfs  dotted  tests  No.  3,  less  than  ^  and  with  the  rodopto- 
meter,  less  than  yj^  The  use  of  this  rodoptometer,  which  was  not  used  by 
Foerster,  appears  to  me  to  be  the  most  conclusive  of  all  the  tests  for  vision. 
Above  all,  to  make  these  tests  properly,  the  patient  should  be  a  scientifically 
educated  as  well  as  an  honest  man.  Above  I  have  already  mentioned  the  in- 
vestigations of  Coert,  made  under  the  supervision  of  Donders.  Woinow  sided 
with  Foerster  to  a  certain  degree.  He  placed  a  piece  of  cobalt  glass  in  a  slit 
and  illuminated  this  from  the  rear,  and  then  found  that  in  his  own  atropized 
eye,  simply  moving  the  instrument  2-3  mm.  nearer  to  his  eye  was  sufficient  to 
cause  the  edges  of  the  split  to  be  bordered  with  colors.  He  however  found  that 
those  who  had  undergone  cataract  operation  could  see  this  slit  at  a  more  vari- 
able distance  without  the  appearance  of  this  border,  so  that  in  intelligent  pa- 
tients with  a  vision  equal  to  or  less  than  two-thirds,  he  could  find  a  remnant  of 
accommodation  of  about  ^. 

THE  ACUTENESS  OF  VISION  IN  APHAKIA.  "Strictly  speak- 
ing, every  cataract  operation  has  attained  an  optical  result,  in  which  vision 
is  better  after,  than  it  was  before  an  operation.  For  example,  if  fiiigerB 
could  no  longer  be  counted  before  the  operation,  and  if  this  has  become 
possible  afterward;  or  if  fingers  can  be  counted  at  a  greater  distance  than 
before  the  operation,  one  surely  would  not  say  that  the  eyesight  has  not 
been  improved  by  the  operation.  However,  neither  patient  nor  physician 
would  be  satisfied  with  such  a  result.  Both  have  acceded  to  the  operation 
with  the  hope,  that  a  useful  degree  of  vision  would  be  restored,  and  only 
if  this  is  attained,  as  compared  with  an  insufficient  or  partial  restoration, 
can  one  speak  of  a  satisfactory  result." 

"Since  one  meets  with  every  degree  of  vision,  from  counting  of  fingers 
up  to  fj,  hence  repeatedly  in  compiling  statistics,  the  want  of  a  sharp 
line  to  guide  our  results  has  made  itself  apparent;  but  such  does  not 
exist.  In  special  cases  this  depends  entirely  on  the  requirements  which  the 
patient  demands  from  his  eyes." 
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"But  seldom  does  the  acuteness  of  vision  of  the  aphakic  eye  equal 
that  of  the  normal  eye.  This  is  determined  hy  the  Snellen  type,  always, 
however,  bearing  in  mind  the  age  of  the  patient.  However,  as  Bonders 
pointed  out,  owing  to  the  magnifying  power  of  the  cataract  glasses,  we 
must  make  a  slight  correction." 

"Owing  to  the  fact,  that  either  convex  glasses  of  varying  strength  are 
required  to  see  at  the  various  distances,  or  the  glasses  must  be  adjusted  at 
varying  distances  from  the  eye;  hence,  the  acuity  of  vision,  where  this  is 
simply  determined  by  convex  glasses,  will  show  great  differences  for  the 
various  distances.  Equal  values  can  only  be  attained,  if  one  will  multiply 
these  with  the  corresponding  so-called  (verkleinerungs  zahlen)  reduced 
figures.'* 

"If  we  will  now  consider  those  cases  of  aphakia  which  have  been  cor- 
rected for  distance  by  spherical  glasses,  we  must  look  upon  the  attainment 
of  an  acuity  of  vision  of  20-70  as  the  average  amount  following  a  successful 
cataract  operation.  But  in  many  cases  V=-j3y^  or  ^f^  for  distance,  an- 
swers all  requirements,  which  are  needed  for  near  work.  If  one  will  now 
classify  the  results  following  the  operation  into  losses,  partial  and  total  good 
results,  we  must  look  upon  all  as  belonging  to  the  first  class,  in  which  vision 
ib  less  than  ^  at  twenty  feet.  And  all  belong  to  the  third  class,  in  which 
vision  is  <iV." 

Knapp  states:  "Considering  V  ^  to  |J  as  a  good  result,  ^  to  ,J^  as  a 
moderate  result,  mere  perception  of  light  and  blindness  as  failure,  the  visual  re- 
sults in  1,000  successive  cases,  1866-1888,  were,  good  85.4  per  cent.,  moderate 
8.3  per  cent.,  failure  6.3  per  cent. ;  loss  from  suppuration  4.2  per  cent.,  loss  from 
all  causes  2.1  per  cent. 

From  June  10,  1886,  to  June,  1897,  I  have  practiced  the  simple  extrac- 
tion as  a  rule.  In  300  simple  extractions,  good,  96.33  per  cent;  moderate, 
2.66  per  cent.;  failure,  1.01  per  cent.* 

"Those  cases  deserve  especial  attention  in  which  V=J§.  Such  a  result  is 
entirely  wanting  in  Knapp*s  and  Snellen's  cases,  the  former  having  but  one 
case  In  which  vision  reached  %,  and  the  latter  but  six  cases  in  which  vision 
equaled  %,  but  in  not  a  single  case  did  vision  equal  1.  Compared  with  these 
statements,  I  wish  to  mention  one  made  by  Weber,  who  passingly  (1117,  p.  190) 
says,  that  according  to  the  method  employed  at  present,  hardly  in  y^  of  the  cases 
does  vision  equal  1.  Such  a  statement  is  hard  to  understand,  unless  one  as- 
sumes, that  he  determined  vision  in  a  manner  entirely  different  from  the  method 
laid  down," 

CAUSES  FOE  THE  DIMINUTION  OF  THE  ACUITY  OF  VISION 
IN  APHAKIA  ASTYGMATISM  AS   A  RESULT  OF   THE    OPERA- 
a  Norris  and  Oliver.  System  of  Diseases  of  the  Eye.    Vol.  III.,  page  818. 


389 
TIOK".  That  normal  vision,  according  to  the  Snellen  idea,  is  so  seldona 
attained  after  a  cataract  operation,  so  long  as  we  confine  ourselves  to  the 
use  of  spherical  glasses,  demands  an  explanation,  especially  since  Weber 
has  definitely  stated  that  Hhe  moving  forward  of  the  nodal  points,  should 
justify  us  in  theoretically  expecting  an  acuity  of  vision  much  greater  than 
normal,  after  a  cataract  operation/  " 

"Let  us  only  consider  the  senile  cataract,  and  we  will  find  one  cause 
for  this  at  once  in  the  fact,  that  according  to  the  investigations  of  DeHaan, 
in  the  sixtieth  year  vision  sinks  to  |^;'that  is,  to  -J^.  Aside  from  this 
opacities  in  the  pupillary  area  are  supposed  to  be  the  main  cause  of  the 
reduction  in  the  vision.  Surely  we  have  already  dwelt  sufficiently  on  the 
fact  that  even  in.  cases  of  simple  secondary  cataract,  the  folds  in  the  cap- 
sule, and  the  slight  cloudy  spots  in  the  same,  give  us  the  anatomical  basis 
for  the  increased  reflection  and  dispersion  of  light.  In  consequence  of  this, 
not  only  are  the  retinal  images  less  brightly  illuminated,  but  likewise,  as  a 
result  of  the  dispersion  of  light,  the  images  are  less  sharply  defined.  The 
influence  of  a  secondary  cataract, becomes  most  evident,  for  in  cases  of  a  very 
dense  secondar}'  cataract,  vision  may  be  exceedingly  good,  if  there  is  but  a 
small  opening,  and  at  times  this  is  proven  by  the  extraordinary  influence 
which  a  discission  of  a  secondary  cataract  exerts  on  vision.  But  even  after 
such  a  procedure,  or  after  the  extraction  of  a  cataract  in  its  capsule,  even 
after  making  a  vitreous  puncture,  we  but  seldom  attain  a  result  in  which 
vision  equals  ^.  Since  the  curvature  of  the  surface  which  separates 
the  vitreous  from  the  aqueous  has  no  influence  on  the  sharpness  of  the 
retinal  images,  and  since  an  immovable  pupil  or  even  a  large  coloboma  (at 
least  as  it  is  associated  with  direct  seeing)  is  without  influence  on  the 
acuity  of  vision,  hence  the  main  cause  for  the  diminution  of  vision  in  the 
successful  cases  of  cataract  operation  must  be  sought  in  the  changed  curva- 
ture of  the  cornea,  which  is  the  most  important  of  all  the  refractive  sur- 
faces.'' 

"Donders  (Eng.  Edit.,  1864.  p.  315)  In  1864  drew  attention  to  this  fact.  It 
appears  that  Javal  (Klin.  Monatsblatt.,  1865,  p.  339)  was  the  first  to  really 
measure  the  amount  of  astygmatism  in  those  who  had  undergone  cataract 
operation.  In  one  case,  by  using  a  cylinder  of  y'^*  ^^^  acuity  of  vision 
was  increased  from  ^4  to  ^ ;  whereas,  by  the  most  careful  selection  of  a  proper 
spherical  glass,  this  could  only  be  increased  to  ^.  Graefe  lilcewise  expressed 
himself,  that  the  cause  of  this  astygmatism  which  appears  after  cataract  oper- 
ations in  a  gopd  many  cases,  is  due  to  a  less  perfect  cicatrization,  which  leads 
to  this  cylindrical  curvature  of  the  cornea.  But  if  vision  was  normal  before 
the  formation  of  the  cataract,  and  if  after  the  operation  vision  is  very  materi- 
ally improved  by  the  use  of  a  cylindrical  glass,  this  could  be  explained  by  as- 
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Burning  that  In  the  former  integrity  of  the  lens  system  the  degree  of  corneal 
and  lens  astygmatism  exactly  ^compensated  each  other,  and  later  on  when 
aphakia  had  set  in,  the  corneal  astygmatism  still  remained.  Whereas,  in  such 
cases  the  conditions  remain  totally  stabil;  still,  under  the  first  named  condi- 
tions these  gradually  become  changed  to  the  advantage  of  the  patient.  Haase 
(Wiesbaden  Klin.  Beobachtungen,  III,  p.  116)  then  more  fully  examined  into 
the  causation  of  this  astygmatism  which  develops  after  cataract  operations. 
He  found  that  in  cases  in  which  the  incision  was  made  exactly  in  the  hori- 
zontal meridian,  one  would  always  find  the  meridian  which  refracts  most 
strongly  exactly  horizontal.  If  the  direction  of  the  incision  was  slightly  changed, 
then  likewise  also  the  direction  of  the  most  strongly  refracting  meridian.  Dur- 
ing the  process  of  healing  of  a  flap  incision,  the  intra-ocular  pressure  will  con- 
stantly press  the  edge  of  the  wound,  which  still  gives  apart.  By  this  means  the 
curvature  of  the  cornea  becomes  flattened  in  its  vertical  meridian;  whereas,  the 
curvature  of  its  horizontal  meridian  will  be  increased.  In  cases  of  abnormal 
healing,  as  in  prolapsus  iridis,  the  astygmatism  is  so  irregular  that  a  good  cor- 
rection can  not  be  obtained  by  use  of  cylinders.  In  the  six  cases  of  flap  extrac- 
tion which  he  reports,  the  astygmatism  varied^  from  ^  to  >^." 

"Eeufl  and  Woinow  (1167)  have  collected  the  largest  amount  of  ma- 
terial having  a  bearing  on  this  subject.  They  were  enabled  to  make  opthal- 
mometric  examinations  in  thirty-one  patients  who  had  been  operated  for 
cataracts.  Of  these  twenty-three  had  been  measured  before  the  operation. 
Prom  this  they  were  enabled  to  determine  how  much  of  the  astygmatism 
had  developed  in  consequence  of  the  operation.  If  we  will  now  consider 
those  twelve  cases  (1,  3,  5,  8,  10,  13,  15,  17,  18,  24,  28  and  31)  in  which 
the  principal  meridian  was  exactly  vertical  and  horizontal,  both  before  and 
after  the  operation,  we  find  in  only  eleven  cases  an  increase  in  the  curva- 
ture; that  is,  a  shortening  of  the  corneal  radius  in  the  horizontal,  and  only 
in  ten  cases  is  there  a  diminution  of  curvature;  that  is,  an  increase  of  the 
corneal  radius  in  the  vertical  meridian.  In  the  other  cases  the  result  was 
directly  opposite.  And  in  fact,  both  forms  occur  as  well  after  flap  ex- 
tractions as  after  the  corneal  extraction." 

"Hence,  it  seems  quite  evident  that  the  degree  of  astygmatism  after 
an  operation  depends  very  materially  on  the  degree  present  before  the 
operation,  and  also  on  the  direction  of  the  same.  One  can  not, 
however,  in  any  given  case,  determine  from  the  degree  of  astygmatism  pres- 
ent after  an  operation  which  method  of  operation  would  have,  given  the 
best  result.'' 

"This  much,  however,  is  certain,  that  in  the  twelve  mentioned  cases, 
the  particular  condition  was  produced  by  the  operation.  Heiiss  is  very 
careful  in  making  his  statement,  and  merely  says,  that  the  astygmatism 
is  caused  by  the  cicatrix,  and  its  degree  is  largely  dependent  on  the  more 
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or  less  perfect  processes  of  healing.  More  exactly  stated,  always  depend- 
ent on  the  kind  of  astygmatism  present  before  the  operation.  The  direc- 
tion of  the  acquired  astygmatism  is  always  dependent  on  the  position  of 
the  incision,  its  extent,  on  the  perfect  healing,  and  its  regularity  depends 
on  whether  or  not  the  iris  and  capsule  become  cicatrized  in  the  wound.** 

"Although  we  must  acknowledge  that  we  do  not  as  yet  possess  any 
positive  anatomical  explanations  for  those  cases  in  which  the  vertical  me- 
ridian has  an  increased  curvature,  and  the  horizontal  a  diminished  curvar 
ture  after  the  operation;  nevertheless,  in  all  of  the  thirty-one  cases  meas- 
ured by  Beuss  and  Woinow  the  corneal  astygmatism  was  changed  as  the 
result  of  the  operation.  Hence,  Reuss  is  correct  when  he  considers  the 
above  second  explanation  of  Von  Graefe  as  only  correct  for  those  eyes 
which  were  operated  by  discission  or  reclination,  but  not  for  those  in  which 
the  lens  was  removed  from  the  eye  by  an  excision.  Now,  in  what  manner 
does  this  cicatrix  bring  about  this  acquired  astygmatism?  Concerning  this 
point,  up  to  the  present  time  there  have  existed  but  suppositions.  After 
such  data  as  can  be  gleaned  from  our  knowledge  concerning  the  cicatrix 
following  cataract  extraction,  and  according  to  the  facts  which  have  been 
given  us  as  a  result  of  the  experimental  investigations  of  Gussenbauer  and 
Guterbock,  there  can  scarcely  arise  any  question  as  to  the  influence  of  an 
intercalar  substance  in  cases  of  perfect  cicatrization,  since  this  was  found 
to  be  but  0.02  mm.  in  width.  However,  the  inclosure  of  foreign  substance, 
especially  of  the  capsule  or  the  iris,  where  this  has  taken  place 
to  a  large  degree,  must  exert  an  influence  on  the  conditions  of  curvature 
of  the  cornea.  Even  in  ciases  in  which  a  perfect  cicatrization  has  taken 
place,  it  does  occur  that  the  lip  of  the  corneal  wound  becomes  displaced 
toward  the  sclera,  and  in  five  cases  I  (Becker)  have  been  able  to  measure 
this  exactly.  This  varied  from  0.12  mm.  to  0.3  mm.  It  appears  (if  the 
number  of  these  observations  can  be  looked  upon  as  sufficient  from  which 
to  draw  conclusions)  i  o  be  larger  after  flap  extraction,  ceteris  paribus,  than 
after  the  scleral  extraction,  and  aside  from  this  is  favored  by  the  enclosure 
of  foreign  substance  in  the  cicatrical  tissue.  And  finally  I  (Becker)  was 
enabled  to  prove  that  the  portions  of  corneal  and  scleral  tissue  close  to 
the  cicatrix  were  very  much  increased  in  thickness,  in  abnormal  cases  as 
much  as  0.5  mm.  Beyond  a  doubt  this  is  due  to  infiltration  and  oedematous 
swelling  of  the  tissue,  and  hence  can  not  be  considered  as  an  increase  in 
the  amount  of  tissue  laid  down  in  the  direction  of  the  corneal  lamellae, 
that  is  perpendicular  to  the  direction  of  the  wound,  without  a  simultaneous 
swelling  being  present.*' 

'^e  must,  however,  call  attention  to  another  factor  which  gives  rise 
to  change  in  the  corneal  curvature.    The  clinician,  and  rightly,  too,  knows 
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but  too  well  that  the  drawing  in  of  the  extraction  cicatrix  is  but  a  much- 
feared  symptom  of  beginning  phthias  bulbi.  Aside  from  this  I  have  re- 
peatedly drawn  attention  to  the  great  tension  which  the  contraction  of 
secondary  cataracts,  w^hich  have  cicatrized  in  the  wounds,  exert  while 
shrinking,  on  the  corpus  ciliare,  the  vitreous,  etc.  Now,  there  can  be  no 
doubt  but  that  even  where  this  exists  to  a  slight  degree  in  eyes  which  can 
see,  the  shrinking  of  this  secondary  cataract  by  its  tension  will  draw  the 
cornea  backward.  By  this  means  the  curvature  of  the  cornea  will  become 
increased  veri:ically  to  the  direction  of  the  incision;  and  hence,  the  cornea 
is  given  a  more  cylindrical  shape,  and  the  curvature  of  the  horizontal  me- 
ridian will  become  diminished." 

"For  the  present  I  must  leave  unanswered  the  question  as  to  whether 
this  tension  of  a  secondary  cataract  can  act  in  just  the  opposite  way,  caus- 
ing an  increase  of  the  horizontal  and  a  diminution  of  the  vertical  meridian." 

"This  influence,  which  the  various  methods  of  cicatrization  of  wound 
exerts  on  the  condition  of  the  curvature  of  the  cornea,  must  be  entirely 
different,  and  makes  its  effect  felt  in  just  the  opposite  way  wh^re  the  in- 
cision is  made  vertically  or  obliquely.  The  pushing  more  anteriorly  of  the 
edge  of  the  corneal  wound  must  necessarily  have  as  its  result  a  diminution 
of  the  curvature  of  the  cornea,  vertical  to  the  direction  of  the  wound.  But 
if  no  sliding  past  each  other  of  the  edges  of  the  wound  has  taken  place, 
and  if  one  can  everywhere  see  the  scleral  edge  of  the  wound  and  the  under- 
lying edge  of  the  cornea,  the  swelUng  of  the  substance  which  Hes  between 
the  edges  of  the  wound,  must  cause  the  increase  in  the  curvature  of  the 
cornea  in  the  vertical  meridian.  For  if  we  attempt  to  intrq^^uce  the  seg- 
ment of  a  circle  between  two  fixed  points  of  a  segment  of  another  circle, 
this  can  only  be  accomplished  by  increasing  the  radius  of  curvature  of 
the  latter." 

"The  action  of  a  connective  tissue  mass  between  the  edges  of  the 
wound  acts  differently,  depending  on  whether  a  sliding  past  each  other 
of  the  edges  of  the  wound  has  taken  place  or  not.  If  the  outer  edges  of 
the  wound  are  in  exact  apposition,  owing  to  the  presence  of  this  connect- 
ive tissue  mass,  the  cur\'ature  likewise  must  become  greater.  If  at  the 
same  time  this  mass  causes  a  forward  displacement  of  the  edges  of  the 
wound,  this  flattening  action  of  the  cicatrix  must  be  increased.  If  the 
incision  is  made  perpendicular  to  the  surface  of  the  cornea,  as  it  is  in  the 
ideal  Graefe's  extraction,  such  a  displacement  forward  can  not  occur  so 
easily,  and  therefore  is  not  so  frequently  observed  as  after  the  flap  extrac- 
tion, in  which  the  incision  is  made  perpendicular  to  the  visual  line.  In 
the  flap  operation  there  is  a  greater  tendency  for  the  edges  of  the  wound 
to  gap,  and  this  is  in  accord  with  the  greater  frequency  and  the  greater 
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degree  of  displacement  forward.  Based  on  measurements  made  by  me,  the 
amount  of  flattening  which  the  cornea  suffers  as  a  result  of  displacement 
after  flap  extraction  can  be  measured." 

"Starting  out  with  the  assumption  that  the  cornea  has  a  spherical  curva- 
ture, a  vertical  section  of  the  same  would  be  represented  by  the  segment  of  a 
circle,  the  chord  of  which  would  be  equal  to  the  distance  from  the  upper  to  the 
lower  edge  of  the  cornea.  The  length  of  this  segment  is  calculated  by  the  for- 
mula: L5:_EJ!!,  when  j*®  is  equal  to  the  angle  which  the  segment  of  the 
circle  subtends,  the  radius  (R.)— 7.7  mm.,  and  the  distance  from  the  upper  to 
the  lower  edge  of  the  cornea  equals  10  mm.,  then  the  length  of  this  segment  of 
the  circle  (P.)  equals  10.8834  mm." 

"The  direction  which  the  edge  of  the  corneal  wound  takes  as  it  moves 
forward,  is  determined  by  the  direction  of  the  original  incision.  If  this 
falls  in  that  of  the  ideal  linear  incision,  in  the  direction  of  its  greatest 
circle,  the  anterior  movement  will  take  place  in  a  line  that  is  along  the 
radius  drawn  from  the  center  of  the  circle  toward  the  upper  edge  of  the 
cornea.  The  segment  of  the  circle  will  remain  the  same,  but  the  chord 
which  it  subtends  will  have  grown  larger.  If  this  forward  movement  equals 
respectively,  0.12,  and  0.15,  and  0.3  mm.,  the  radius  will  be,  respectively, 
8.0798,  8.1775,  and  8.7638  mm.  Starting  out  with  the  assumption  that 
previous  to  the  operation  both  the  vertical  and  the  horizontal  meridian 
had  a  radius  of  7.7  mm.,  they  will  now  have  a  radius  respectively  of  -yf^* 
Tirr  *°^  6  m'  '  ^^^  making  this  calculation,  the  further  hypothesis  was 
drawn  that  this  flattening  of  the  corneal  surface  was  equally  distributed 
over  the  entire  vertical  meridian.  However,  in  doing  this  no  attention 
was  paid  to  the  fact,  and  the  same  was  done  in  the  calculation  of  Reuss 
and  Woinow,  that  simultaneously  with  this  flattening  in  the  vertical 
meridian,  an  increased  curvature  manifests  itself  in  the  horizontal." 

"Notwithstanding  this,  tlie  calculations  of  Dr.  Weiss  show,  that  the 
average  measurement  as  used  by  me  is  sufficient  to  explain  the  degree  of 
astygmatism  found  after  an  extraction.  This  increased  curvature  of  the 
horizontal  meridian,  which  for  the  time  had  been  neglected,  may  be  as- 
sumed to  correct  the  astygmatism  which  had  previously  existed  in  the 
opposite  direction." 

^'Various  observers  have  noted,  that  the  astygmatism  which  develops 
after  cataract  extraction  becomes  less  as  time  goes  on.  This  can  be  ex- 
plained anatomically  by  the  gradual  diminution  of  the  infiltration,  and 
swollen  conditions  of  the  area  surrounding  the  wound,  and  by  the  gradual 
contraction  to  a  smaller  volume  of  the  connective  tissue  mass  when  pres- 
ent, and  also  by  the  gradual  return  of  the  flap  to  its  normal  niveau,  where 
this  has  glided  past  its  fellow,  owing  to  the  tense  drawing  together  of  the 
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interstitial  tissue.  This  can  not  be  absolutely  proven,  since  it  is  not  pos- 
sible to  make  anatomical  examinations  of  the  same  eye  at  various  periods. 
But  these  conclusions  are  justified,  and  may  be  assumed  to  be  facts,  as 
the  result  of  anatomical  examinations  of  various  eyes  made  at  different 
periods  after  operations.  Hence,  the  astygmatism  must  gradual!}  diminish 
in  both  directions." 

"I  (Becker)  owe  special  thanks  to  Dr.  Roder,  of  Strassburg,  for  the  personal 
communication  of  a  case  which  clinically  is  of  the  very  greatest  interest.  He 
noted  that  the  astygmatism  following  an  operation  suddenly  became  less  after 
the  making  of  an  iridectomie  for  secondary  cataract.  The  horizontal  Incision 
made  with  the  lance,  made  to  relieve  the  secondary  cataract,  must  for  the 
time  have  relieved  the  tension  which  this  exerted  at  the  sight  of  the  original 
wound.  Hence,  if  the  curvature  of  the  cornea  perpendicular  to  the  direction 
of  the  incision  before  the  irdectomie  was  greater,  one  must  certainly  be  able 
to  see  that  the  cutting  through  of  the  capsule  would  have  released  and  equal- 
ized this;  but  since  likewise  a  less  degree  of  curvature  in  the  vertical  and  an 
increased  degree  in  the  horizontal  should  likewise  be  abolished  by  an  Iridec- 
tomie, we  must  also  seek  part  of  the  explanation  for  this  in  the  vertical  in- 
ciHion  of  the  capsule,  made  with  the  pinceciseaux.  But  since  this  fact  has 
not  as  yet  been  as  well  proven  as  could  be  desired,  it  would  hardly  seem  neces- 
sary to  seek  for  an  anatomical  basis  for  the  same  as  yet.  But  if  this  should 
be  proven  to  be  true,  it  certainly  would  become  a  matter  of  unusual  interest 
There  would  then  appear  to  be  a  way  in  which  to  cure,  by  operative  means, 
astygmatism  which  results  from  operation.*' 

"Although  the  measurements  of  Reuss  and  Wolnow  made  on  the  living, 
and  my  (Becker)  measurements  made  on  anatomical  preparation),  coincide  ex- 
actly with  the  results  obtained  by  Haase,  namely,  that  corneal  astygmatism  is 
greater  after  the  flap  extraction  than  after  the  linear  extraction,  one  must  never- 
tlieless  be  careful  and  not  accept  this  as  an  absolutely  established  fact.  Haase 
undoubtedly  picked  out  the  most  pronounced  cases,  since  during  an  entire  year 
he  only  measured  the  astygmatism  in  six  cases  of  all  those  operated  by  Pagen- 
stecher;  whereas,  among  Reuss*  and  Woinow*8  thirty-one  cases,  there  are  but 
Ave  flap  extractions,  and  of  these  but  in  three  cases  was  the  cornea  measured 
before.  In  addition  to  this,  I  find  that  the  greatest  degree  of  astygmatism 
noted,  — ^— .  did  not  occur  after  a  flap  operation,  but  after  a  linear  extraction. 

ft. 9m 

Nevertheless,  the  subject  is  certainly  deserving  of  every  consideration,  and 
as  early  as  18(57  Weber  drew  attention  to  the  fact,  tliat  the  various  operations 
exerted  a  varying  influence  on  the  methods  of  healing  and  the  subsequent  as- 
tygmatism. And  it  can  not  be  denied,  that  if  It  should  Anally  be  shown  that 
one  operation  is  more  responsible  for  this  condition  than  the  other,  this  factor 
would  certainly  weigh  heavy  in  the  balance  against  it.  Dr.  Weiss  has  lately 
taken  up  these  investigations  again,  and  I  may  state,  that  five  cases  which 
were  measured  before  and  after  operation  by  the  Weber's  method,  in  three 
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change  in  form  were  found  after  the  operation,  which  had  an  astygma- 
tism  of  1:11.2,  1:15.4,  1:27.3;  whereas,  in  two  cases  which  were  operated  by 
Weber,  the  astygmatism  was  yi  and  — s^-  The  influence  which  the  subse- 
quent correction  of  the  acquired  astygmatism  following  cataract  extraction  has 
on  the  acuity  of  vision  of  the  aphakic  eye.  is  shown  by  the  following  investi- 
gations of  Reuss  and  Wolnow.  In  twenty-nine  eyes  which  were  subjected  to 
a  thorough  examination  by  the  use  of  spherical  glasses,  four  acquired  V=^ 
fonr  V=  ,\<\j,  thirteen,  V  =--  }g,  six,  V=  jj,  two,  V  =  Jg.  But  where  these 
same  eyes  were  corrected  by  a  combination  of  spherical  and  cylindrical 
glasses,  there  was  but  a  single  case  in  which  V  — ^"u  »,  which  could  not  be 
improved.  In  the  others,  however,  vision  was  raised  four  times  to  V  =  f g, 
three  times  to  f  j  seven  times  to  }J  ten  times  to  jg  and  four  times  to 
]g.  The  last  figures  are  especially  interesting,  because  once  vision  of  ,^, 
twice  vision  of  f  J,  and  once  vision  of  Jg  was  raised  to  this  high  degree." 

The  above  statements  have  been  verified  by  Adolph  0.  Pfingst.  He 
draws  attention  to  the  literature  on  this  subject,  Laquer,^  Chimemi,^* 
Burnett.' 

He  states:  ^^e  know  that  in  the  majority  of  eases  the  addition  of  a 
cylinder  to  the  spherical  lens  improves  the  vision.  As  the  cornea  grad- 
ually assumes  its  original  or  almost  original  shape  by  the  contraction  of 
the  cicatrix,  the  cylinder  glass  frequently  ceases  to  be  of  benefit.  To  avoid 
the  expense  of  a  new  glass  after  this  contraction  has  taken  place,  we  are, 
and  especially  in  hospital  practice,  often  called  upon  to  prescribe  at  once 
the  lens  which  we  consider  best  for  ultimate  use."  He  gives  the  following 
interesting  tables: 

i4.— CASES  WITH  COMPLICATED  HEALING  OF  WOUXD. 
Extraction  of  Iridectomy.    W.  R.— with  the  Rule,    kg,  R.-«oelnst  the  Rule. 


1 

Astlg.  before 
opemtion . 

Astis.  2  wkB. 
after  open. 

Aatig.  6-10 
weekA  after 
operation. 

Astig.  4-6  =  Astig.  6-10 

months    •    months 

after  opera,  'after  opera. 

REMARKS. 

I 

2 

3 

4 

5 

6 

7 

8 
9 

ID 
II 
13 

i.o  D.  W.  R. 
i.o  D.  W.  R. 

1.75  D   W.  R. 

0.75  D.  Ag.  R. 
0.5  D.  W.  R. 

0.5  D.  W.  R, 

9.5D.Ag.R. 

ICO          '• 

i8.o 

13.0 

la.o         '* 

17.0 

6.0         •• 
12.0 
22.0 

7.0 

12.0         " 
17.0 

6  weeks,  3  5 
D.  ag.  R. 

6  weeks,  1.90 

ag.  R. 
8  weeks,   6.5 

ag.R. 

i 
1 
1 

6  mon.,  2.5 

ag.R 
4^  month, 

2  0  ag.  R. 

6  month  6.0 
ag.R. 

1 
1 

1 

Slight    incarceration    of    iris   in 

middle  of  section. 
Iris  drawn  upward,  and  slight  a  d 

hesion  to  middle  of  section. 
Prolapse  of  iris,  abscised  14  hours 

later. 
Prolapse  of  small  head  of  vitreous. 

Small  incarceration  of  iris.     • 
Patient  ruptured  wound  3  times. 

Adhesion  of  iris  to  middle  of  sec. 
I^arge  incarceration  of  iris  in  mid- 
dle of  section. 
Prolapse  of  iris,  abscised  8  hours 

later. 
Iris  adherent  to  middle  of  section. 
Iris  adherent   to   section   in   its 

entire  extent. 
Incarceration  of  column  or  iris  in 

wound,  on  nasal  side. 
Prolapse  of  iris,  absci.^ed  12  hours 

later. 
Adhesion  of  iris  in  entire  length 

of  wound. 

_ 

155.5 

1 

Average.  12.9  D. 

2  Arch,  fur  Opthalmol.,  XXX.,  1884. 

2a  Annales  di  Ottal.,  1890. 

8  A  Treatise  on  Astygmatism,  p.  129. 
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B.— CASES  WITH  UNCOMPLICATED  HEALING  OF  WOUND. 


No. 

Artig. 

Before 

Operation. 

Two  Weeks 

After 
Operation. 

6-10  Weeks 
After  Operation. 

4-6  Months 
After  Operation. 

6-10  Months 

After 
Operation. 

RBMARKS. 

13 

C5jpw.  R. 

7.oD.Ag.R. 

iowl»8.,3.oAg.R. 

6 mo.,  i.5D.Alt.R. 

10  mo.,  1.5  Ag.R. 
10   *•  1.75  W.  R. 

14 

2.5 

6     **      2.0      " 

4  "   1.75  w:  R. 

\l 

Bm. 

6.0 

0     "      20 

4    **     12.5  Ag.  R. 

6i    '•i.25Ag.R. 

0.75  W.  R. 

4.5     ;• 

8     •'      2.0      •'     5    "     1.5 

7     ."1.5        " 

17 

3.5 

8     '•      X.25.  "     6    •'     B. 

18 

II.O 

7     "      30      " 

6    '*     i.o    Ag.R. 

19 

i.l    :: 

2  ;;  ^'^  !! 

6     ♦•      2.5      '• 

6    •*     1.75 

20 

0.5  W.  R. 

ik  *•     2.0 

21 

3.0  W.  R. 

3.5 

22 

Bm. 

7-5 

10     "      3.0      •• 

4i  *'     3-0         " 

23 

0.5  W.  R. 

7.5      ;* 

6     ••      2.0 

4    •*     0.75         * 

24 

7.5 

8     ••      3.0      " 

4    *'     1.75        " 

S 

0.75  W.  R 

15.0 

6     -      3.5       * 

4    •'     2.0          '• 

0.75  W.  R. 

5.0 

6     "      2.0 

U 

7    •;     1.0     •• 
ft    •♦     2.0     " 

4    ••     0.5  W.  R. 

29 

5.5      ;; 

6     ••      2.5  _" 

5    "     2.25  Ag.R. 

3P 

1.7s     •* 

lo     ••    1.75  W.R. 

31 

0.5  Ag.  R. 

6.5      ;' 

6     "      2.oAg.R. 

32 

9.0 

9     *•      2.25     " 
8     '•      1.2s     " 

33 

x.o  W.  R. 

U     " 

.^4 

4.5  W.  R. 

5  **      6.0      " 

6  '•      2.25     *• 
9     *'      a.25     ** 

^ 

xo.o          *' 

lO.C             '* 

% 

X.75 

10     '•      1.75W.R. 

Em. 

1:2     " 

6     "      7.oAg.R. 

39 

8     ♦•      2.5      " 

40 

0.75  Ag.  R. 

2.5         '* 

8     •*      1.25     - 

41 

nil    :: 

6     **      2.0 

42-59 

R«prat«its  IT  OMM, 
wbkh  ver«  oaly  •■• 

29975 

Average,  6.40  D. 

Total  number  of  cases,  59.    Total  astygmatism,  455-25  D.    Average  of  astygmatism.  7.7  D. 

From. these  he  draws  the  following  conclusions: 

"Briefly  recapitulating,  we  see:  (1)  That  two  weeks  after  the  flap  ex- 
traction of  cataract,  there  is  corneal  astygmatism,  varying  from  1.75  D 
with  rule,  to  20.0  D,  against  rule.  (2)  That  the  greatest  amount  of  this 
astygmatism  disappears  in  the  following  four  to  six  weeks.  (3)  That  it  is 
absolutely  reduced  in  six  months,  after  which  it  seems  there  are  no  further 
changes.^' 

"Bearing  these  facts  in  mind  it  is  evident  that  an  accurate  estimation 
of  the  ultimate  glasses  can  not  be  made  at  the  end  of  two  weeks.  The  rule 
among  opthalmologists  is  to  give  a  temporary  glass  for  three  to  four  months, 
and  allow  cicatrical  contraction  to  take  place  before  deciding  on  the  final 
glass.  But  even  in  selecting  this  temporary  glass,  being  governed  by  our 
table,  we  may  select  it  so  as  to  do  for  permanent  use.  In  cases  with  leas 
than  5.0  D  of  astygmatism,  which  in  four  months  is  generally  reduced  to 
1  or  2.0  D,  we  have  usually  prescribed  the  spherical  lens  which  gave  the 
best  vision,  even  though  the  addition  of  a  cylinder  lens  was  of  benefit  at 
the  time.  In  cases  with  more  than  5.0  D,  and  especially  in  those  in  which 
the  wound  had  healed  with  complications,  we  added  2.0  D  cylindrical,  with 
axis  indicated  by  the  opthalmometer  and  the  test  glasses,  provided  the 
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yision  was  improved.  By  putting  together  a  sufficiently  large  number  of 
cases^  at  least  with  those  in  complicated  healing,  we  may  be  able  to  arrive 
at  a  conclusion  as  to  the  changes  to  be  expected  in  each  individual  case. 
The  subject  would,  I  think,  furnish  a  field  for  further  investigation." 

THE  APPARENT  AND  REAL  ACUITY  OF  VISION  IN 
APHAKIA.  Vision  in  the  aphakic  eye  is  seldom  brought  up  to  20-20, 
either  by  use  of  spherical  glasses  or  when  they  are  combined  with  cylinders; 
and  this  certainly  must  become  a  ver}'  striking  fact,  if  we  stop  to  think, 
that  the  retinal  images  in  the  aphakic  eye  are,  in  all  those  conditions  in 
which  they  are  sharply  defined,  larger  than  in  the  emmetropic  eye. 

"By  larger  I  mean  the  condition  of  the  retinal  image  as  compared  in 
the  two  eyes.  In  a  case  of  hypermetropia,  one  compares  the  image  pro- 
duced in  the  corrected  eye,  both  with  the  image  in  the  same  eye  during 
accommodation,  as  ako  with  the  image  which  would  appear  in  an  emme- 
tropic eye.  But  since  tlwfeis  no  accommodation  in  the  aphakic  eye,  hence 
the  first  mentioned  image  used  for  comparison  can  never  be  a  sharply  de- 
fined one.  It  certainly  is  less  a  matter  of  interest  in  any  special  case  how 
large  the  image  will  be,  or  how.  large  it  would  be  in  the  emmetropic  eye, 
than  what  is  the  average  size  of  the  image.  Hence,  for  comparison  we 
will  again  use  the  average  eye  which  we  used  in  constructing  our  emme- 
tropic eye.  Since  the  posterior  nodal  point  almost  exactly  coincides  with 
the  nodal  point  of  the  emmetropic,  aphakic  eye,  hence  we  can  use  the  same 
figures  in  tables  XI,  XII  and  XIII,  showing  the  enlargement  and  diminu- 
tion for  both  cafies." 

"This  enlargement  is  due  to  the  fact,  that  the  second  nodal  point  of 
the  combined  system  vnder  all  circumstances  (see  IMauthner.  Vorlesungen 
uber  die  Optischen  Fehler  des  Auges,  p.  192  and  193),  moves  in  front  of 
the  nodal  point  of  the  aphalic,  and  therefore,  also  in  front  of  the  second 
nodal  point  of  the  emmetropic  eye.  Hence,  the  retinal  images  of  objects 
observed  at  equal  distance,  are  to  each  other,  as  the  distance  of  the  second 
nodal  point  of  both  systems  from  the  plane  of  the  image,  which,  when  seen 
distinctly,  exactly  coincides  with  the  retina.  Hence  we  may  place  them 
in  relation  with  the  distance,  instead  of  the  size  of  the  image.  (See  Mauth- 
ner,  1.  c,  p.  175.)^^ 

"Above  it  was  stated,  that  in  a  case  of  hyperopic  aphakia,  it  would 
be  impossible  to  obtain  a  sharply-defined  image  without  a  correction.  There 
is  a  single  exception  when  the  retina  lies  in  the  second  principal  focal 
plane  of  the  aphakic  system.  If  an  aphakic  eye  is  30.61  mm.  long,  then 
parallel  rays  of  light  will  come  to  a  point  exactly  on  the  retina;  that  is, 
will  form  sharply-defined  images  of  objects  placed  at  infinity.  This  image 
will  be,  as  compared  with  an  emmetropic  eYe,ver}'  much  enlargwl.  If  we  will 
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now  designate  the  size  of  the  image  of  an  accurately  seeing  aphakic  eye  by 
Bj,  that  of  the  emmetropic .  eye  as  B,  further  the  distance  of  the  nodal 
point  from  the  retina  in  the  former  by  K^n,  and  of  the  latter  by  Kn,  hence 
the  relation  will  be  Bj :   B=K3d:   Ko.     If  we  will  now  substitute  for  the 
second  side  of  the  equation  their  values,  it  will  be 
B, :  B=30.6l— 7.7:23.86— 7,7. 
=22.91:16  16. 
=1.417:1. 
and  it  will  then  be  1:1,  417=0,  705:1;  hence,  B2==1.417B,  and  the  amount 
of  vi^on  thus  obtainied  by  the  optometric  measurement  of  the  aphakic 
eye  is  to  be  multiplied  by  0.705,  so  as  to  be  comparable  with  the  emme- 
tropic eye." 

Thus,  if  we  found  that  vision  in  an  aphakic  eye  30.61  mm.  long  was 
equal  to  }f  we  would  have  to  multiply  this  result  by  0.705  in  order  to 
obtain  the  actual  degree  of  vision,  as  compared  with  retinal  image  of  equal 
size,  or  expressed  differently  V=|^  would  be  the  apparent  degree  of  vision, 
and  V=|^x  0.705=V=^  ,  or  V=^ would  be  the  actual  acuity  of 
vision  in  an  aphakic  eye  30.61  mm.  long,  without  any  correction  for  the 
distance.  If  we  will  now  place  before  the  aphakic  eye  a  convex  lens  of 
tV  at  a  distance  of  0.5"  from  the  cornea,  and  make  the  calculations  for 
this  combined  system,  we  will  find  that  K2.it=29.58  mm.  Comparing  this 
with  the  emmetropic  eye,  we  will  find 'that  the  increase  =  29.58:16,16  = 
1.830;  whereas  the  diminution  equals  0.546.  From  this  it  follows  that  this 
ejilargenient  is  must  greater,  when,  as  in  the  case  where  a  convex  glass  of  -^ 
is  placed  before  the  eye,  "the  eye  is  accommodated  for  a  distance  equal 
to  10.5." 

The  apparent  acuity  of  vision  is  determined  by  the  following: 

and  this  in  its  turn  again,  multiplied  by  the  amount  of  diminution  0.546, 
give  us  the  actual  degree  of  acuity  of  vision." 

"In  this  single  instance,  in  which  an  aphakic  eye  is  enabled  to  see 
images  perfectly  distinctly,  we  can  compare  the  acuity  of  vision  of  the 
aphakic  eye  for  near  and  far.  The  figure  representing  the  enlargement  of 
the  image,  where  we  artificially  produce  accommodation  for  10.5"  distance 
equals  29.58:22.91=1.290.    By  this  means,  just  as  for  near 

V=MXl.290=-i^. 

"The  enlargement  or  the  apparent  acuity  of  vision  is  depend- 
ent where  the  focal  strength  of  the  convex  lens  remains  the  same, 
on   its   distance   from    the   eye,   and   where   the   distance   from   the   eye 
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remains  the  same,  on  the  focal  strength  of  the  glass  chosen.  If  one  will 
at  the  same  time  so  change  both  factors,  so  that  the  focal  strength  of  the 
glass,  less  the  distance  (f-x)  always  remains  the  same,  there  will  likewise 
take  place  a  very  considerable  movement  anterior  to  the  second  nodal  point. 
All  three  methods  are  important  in  general  practice.  By  means  of  the 
last  mentioned  method  one  can  very  materially,  one  might  almost  say  at 
one's  plea^re,  increase  the  size  of  the  retinal  image  for  a  specified  distance, 
and  at  the  same  time  the  apparent  acuity  of  vision  will  be  greatly  increased. 
The  first  two  methods,  as  we  shall  see,  serve  to  take  the  place  of  the  lost 
accommodation,  and  hence  we  must  try  to  compare  these  methods  with  that 
which  gives  an  apparent  enlargement,  to  see  which  gives  the  greatest  ad- 
vantages. Tables  XI  to  XIII  are  designed  to  give  a  general  idea  of  these 
conditions.  Each  one  shows  sLx  or  seven  complete  calculations  of  th^  com- 
bined systems.  In  all  three  I  (Becker)  started  with  the  above  totally  emme- 
tropic aphakic  eye,  which  resulted  from  the  removal  of  the  lens  from  an 
emmetropic  eye.  Its  values  are  therefore  found  in  the  first  column  of 
each  table.'' 

"In  table  XI,  using  the  same  eye,  instead  of  beginning  with  +3^,  this 
is  combined  with-|-J,^,i,  |and  ^^  the  respective  distances  rM.5",2",3",4"^ 
from  the  eye.  The  individual  columns  contain  the  values  of  the  separately 
calculated  combined  systems." 

"From  the  first  column  we  at  once  learn  the  very  important  condition 
of  this  combined  system;  namely,  that  the  second  principal  point  and  the 
second  nodal  point  move  anterior  to  their  respective  first  points;  so  that 
the  value  of  Hj  H,  Kj  Kj  becomes  negative.  Whereas  there  is  a  rapid 
increase  for  the  values  of  the  anterior  and  posterior  focal  points,  and  also 
for  the  distance  of  the  principal  and  nodal  points  from  each  other,  the 
position  of  Fj ;  that  is,  the  position  of  the  posterior  focal  point,  remains 
unchanged. 

TABLE  XI. 
The  Emmetropic  Aphakic  Eye. 


The  correction  for  distance 

The  distance  from  centre  of  cornea 
Anterior  focal  point  P  of  the  com- 
bined system 

Posterior  focal  point  F, 
Distance  from  Fj     .     .     .^    . 
Distance  from  H  |       .... 
Distance  from  H,     .     .     .     . 

HiH,=K|K, 

Distance  for  K| 

Distance  for  K, 

K,n 

Kn 

Enlargement  Kan:  Kn = ' 
Diminution  figure  Kn:  Kn^, 


1 

1 

1 

1 

1 

85 

4 

4.5 

5 

6 

0."5 

l."0 

l."5 

2."0 

8."0 

20.84 

23.82 

26.80 

29.88 

85.74 

27.84 

81.88 

85.81 

89.79 

47.75 

28.867 

It 

II 

n 

n 

-1.22 

1.09 

6.90 

16.25 

55.10 

-3.97 

-7.94 

-11.91 

-15.91 

-28.87 

-2.75 

-9.08 

-18.81 

-82.16 

-78.97 

6.78 

9.07 

15.91 

26.15 

67.11 

8.03 

0.04 

-2.90 

-6.01 

-11.86 

20  88 

28.85 

26  80 

29.88 

85  74 

16.16 

n 

II 

// 

II 

1.289 

1  482 

1.658 

1.849 

2.212 

0.775 

0.698 

0.608 

0.540 

0.458 

1 

7 
4."0 

40.78 

65.71 

II 

88.82 
-81.88 
-120.66 

108.80 
-16.85 

40.78 

// 

2.520 
0.896 
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"That  is  to  say,  in  all  six  columns  the  calculations  are  made  with  the 
glass  placed  at  the  distance  from  the  eye  as  designated  above.  By  com- 
paring the  figures  M'hich  represent  the  degree  of  enlargement  we  leam 
that  the  selection  of  a  weaker  glass  is  followed  by  an  enormous  enlarge- 
ment of  the  retinal  image.  If  we  select  a  glass  with  a  focal  length  of  1" 
instead  of  2.5,  this  enlargement  is  doubled.  And  if  we  used  a  -^^  the 
patient  would  see  the  object  seven  times  enlarged.  Vision  is  about  the 
same  as  though  one  placed  before  an  emmetropic  eye  a  — J,  and  then  in 
front  of  this,  at  a  distance  of  11"  from  the  eye,  place  a  convex  glass  with 
a  focal  distance  of  14".  This  combination  being  about  the  same  as  that 
of  a  Holland  or  Galileo's  telescope.  The  aphakic  eye,  like  every  highly 
hypermetropic  eye,  can  be  made  to  simulate  the  action  of  the  telescope  by  the 
use  of  a  simple  convex  lens  of  from  10-2"  focal  distance,  under  which  cir- 
cumstances the  hypermetropic  eye  takes  the  place  of  the  ocular.  An  aphakic 
eye  can  be  corrected  for  distance  by  any  convex  glass,  whose  foc»al  length  is 
greater  than  the  correcting  glass  placed  at  the  shortest  possible  distance 
from  the  eye.  During  this  procedure,  the  enlargement  of  the  image  grows 
rapidly.  However,  as  the  distance  of  the  glass -from  the  eye  increases,  the 
field  of  vision  contracts,  so  that  after  all,  such  a  combination,  just  as  is 
the  case  with  the  opera  glass,  is  only  use<l  occasionally." 

ARTIFICIAL  ACCOMMODATIOX  IN  THE  APHAKIC  EYE. 

"Strictly  speaking,  an  aphakic  eye  ought  to  have  a  separate  pair  of 
cataract  glasses  for  ever}'  distance  at  which  one  is  desirous  of  obtaining  a 
sharp  and  distinct  image.  If  one  starts  out  with  the  assumption  that  the 
distance  of  the  glass  from  the  eye  remains  unchanged  the  above  statement 
becomes  a  fact.  But  the  same  effect  can  be  produced  by  changing  the 
distance  of  the  glass  from  the  eye.  So  that,  beginning  with  a  certain  glass, 
which  gives  the  proper  correction  for  distance,  ever>'  aphakic  eye  in  a  two- 
fold manner  may  be  made  to  see  objects  placed  at  a  shorter  distance.  Both 
methods  coincide,  in  that  the  position  of  the  posterior  principal  focal  point 
becomes  gradually  farther  removed  from  the  retina  of  the  aphakic  eye; 
that  is,  removed  more  anteriorly.  The  relation  of  the  retina  of  the  ai)hakic 
eye,  is  to  the  principal  focal  point  in  the  new  system,  as  the  retina  in  the 
myopic  eye,  or  as  the  prinoi])al  focal  point  in  the  accommodating  eye,  is  to 
the  retina  of  the  emmetr()])ic  eye;  hence,  the  conjugate  anterior  focal  dis- 
tance lies  at  a  definite  distance  in  front  of  this  system.  Hence,  the 
conjugate  anterior  focal  distance  lies  at  a  definite  distance  in  front  of  this 
system.  As  the  second  nodal  point  of  this  combined  system,  also  simul- 
taneously becomes  farther  removed  from  the  retina  in  the  aphakic  eye; 
hence  under  both  conditions  the  size  of  the  images  will  grow." 
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'TBut  these  two  methods  of  accommodation  do  not  give  similar  values. 
By  increasing  the  distance  of  the  glass,  as  has  already  been  indicated,  the 
enlargement  of  the  image  rapidly  increases;  but  since  at  best  this  removal 
of  the  cataract  glasses  from  the  eye  can  not  be  farther  than  the  length  of  the 
nose  will  permit,  hence  the  usual  reading  distance  can  not  be  arrived  at 
by  this  means.  True,  by  choosing  a  stronger  glass,  placed  at  the  ordinary 
distance  from  the  eye,  this  enlargement  takes  place  less  rapidly  than  in 
the  former  case;  however,  there  is  no  reason  why  a  glass  should  not  be 
chosen,  by  means  of  which  objects  can  be  sharply  discerned  at  a  distance 
of  8-10^',  or  a  little  farther.  For  this  reason  this  latter  method  finds  more 
general  approval.  Tables  XII  and  XIII  explain  this  under  all  possible 
conditions.  Both  tables  start  out  with  the  emmetropic  average  eye  which 
has  become  aphakic." 

TABLE  XII. 
The  Emmetropic  Aphakic  Eye,  combined  with  +  "Fk^^^^  distance  from  the 
centre  of  Cornea. 


= 

0."6 

0.'75 

l."00 

l."25 

l."5 

l."75 

2."00 

Anterior  focal  dis- 

tance F.       ... 

20.84 

22.29 

28.96 

25.89 

29.08 

80.88 

84.18 

Posterior  focal  dis- 

tance F-       .     .     . 
Distance-frejm  F,     . 

27.84 

29.78 

82.91 

84.60 

87.64 

41.26 

45.69 

28.86 

28.40 

22.87 

22.25 

21.51 

20.68 

19.60 

Distance  from  H  |  . 

-1.22 

-0.56 

-1.24 

8.22 

9.84 

16.50 

26.64 

Distance  from  H'     . 

-8  97 

-6.88 

-9.14 

-12.85 

-16.18 

-20.68 

-26.09 

H|H.s=K|K2     .     . 
Position  from  Kj      . 

-2.75 

-5.82 

-10.88 

-15.67 

-25.47 

-87.18 

-52.78 

5.78 

6.98 

9.29 

11.90 

20.25 

80.11 

42.41 

Position  from  K,    . 

8.08 

1.11 

-1.09 

-8.67 

-5.22 

-7.02 

-10.82 

K,n 

20.84 

22.75 

24.95 

27.58 

29  08 

80.88 

84.18 

kS 

1616 

tt 

n 

ti 

ff 

ft 

n 

K,n:Kn=i     .     .     . 

1.289 

1.407 

1.548 

1.708 

1.799 

1.910 

2.115 

Kn:K,n=,    .     .     . 

0.775 

0.710 

0648 

0.587 

0.555 

0.524 

0.472 

•n  f    f  Mm  .... 
^»     IP.  Z.    .     .     . 

}- 

1466.88 

789.68 

579.05 

4.6577 

400.90 

874.12 

54.1 

29.1 

21.8 

17.8 

14.8 

18.0 

NOTE.— In  this  and  the  following  table  Fj  equals  the  anterior  focal  distance 
of  the  aphakic  eye  in  its  proper  relation  to  the  retina,  or  is  equal  to  distance  for 
which  the  eye  is  accommodated,  by  placing  before  it  a  convex  glass,  calculated 
Just  as  R  in  table  X. 
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TABLE  XIII. 
The  Bmmetropic  Aphakic  Eye,  with  the  glass  at  0.5"  distant  from  the  Cornea 


centre. 


Combined  with  + 


Anterior  focal  distance  Pj  . 
Posterior  focal  distance  P, 
Position  from  P,   .     .     .     . 
Distance  from  Hi    .     .     . 
Distance  from  H, .     .     .     . 

HiHgKjK, 

Distance  from  K|  .     .     .     . 
Distance  from  K,    .     .     . 

Kjn 

Kn 

K,n:Kn=i       

Kn:K,n==i 


^1*°  ip.  Z. 


1 
8.6 


20.84 
27.84 
28.86 
-1.22 
-8.97 
-2.75 
5.78 
8.03 
20  84 
16.16 
1.298 
0.776 


} 


20.54 
27.44 

22.82 

-1.41 

-4.58 

-8.17 

5.45 

2.28 

21.59 
// 

1.847 
0.742 


562.91 
20.7 


1 

2.75 


20.84 

27.18 

22.24 

-1.62 

-4.94 

-8.42 

5.82 

1.90 

21.97 
It 

1.858 
0.789 


869.29 
18.6 


2.5 

1 
20.12 
26.86 
21.49 
-1.55 
-5.87 
-8.72 
5.09 
1.87 

22.50 

It 

1.892 
0.711 


249  79 
9.2 


1 
2.25 


19.95 

26.58 

20.64 

-1.81 

-5.89 

-4.08 

4.87 

0.79 

28.08 
tt 

1.422 
0.708 


184.64 
68 


19.».8 
26.t9 
10  55 
-/.OO 
-(:.54 
4.54 
4.56 
0.02 

28.85 

11 

1.475 
0.677 


189*75 
5.1 


In  table  XII  the  glass  of  y^-  has  been  removed  from  the  eye  from  \  to 
i"  up  to  2 '.  But  even  by  bringing  about  the  furtherest  possible  distance 
from  the  eye,  the  artificially  produced  near  point  could  only  be  brought 
up  to  13"  from  the  eye.  Nevertheless,  the  enlargement  grows  until  it  has 
doubled  itself.  In  table  XIII  the  various  glasses,^,  g^jyg-j-g^,  Jare  all 
placed  at  an  equal  distance.  On  using  -^  the  aphakic  near  point  reaches 
9"  distant  from  the  eye.  With  \  the  eye  can  see  distinctly  at  5".  Whereas, 
by  such  an  excessive  accommodation,  the  enlargement  only  becomes  one 
and  one-half  times  enlarged. 

THE  SELPTTION  OF  SPHERICAL  GLASSES.  "In  practice,  as 
a  rule,  we  begin  to  seek  the  proper  correction  for  distance  by  use  of  a  +J 
(■+■•10  D),  and  where  we  do  not  get  the  requisite  amount  of  vision  we  move 
the  glass  either  a  little  nearer  or  a  little  further  away  from  the  eye.  If  in 
the  latter  position  sight  is  improved,  we  take  a  stronger  glass  and  continue 
this  procedure.  In  this  manner  we  soon  arrive  at  the  glass  which  gives 
the  best  result.  In  the  other  case  we  go  from  ^,  \^  i-,  etc.  After  having  in 
this  manner  arrived  at  the  proper  glass  for  distance,  we  can  in  like  manner 
arrive  at  the  proper  correction  for  reading.  However,  one  will  save  time 
if  one  will  bear  in  mind,  that  to  the  glass  which  gives  a  proper  correction 
for  an  infinte  distance,  should  be  added  the  glass  having  the  reciprocal 
value  for  a  distance:  thus,  if  the  correction  for  infinity  is  -^  to  accommo- 
date for  a  distance  of  20",  we  would  have  •jj-'\'^^\  (exactly  -2;^),  for 
10.6"  would  be  jj^^=z-^  (exactly  -^)y  etc.  Naturally,  one  does  not 
have  all  the  lenses  corresponding  to  these  fractional  figures  the  result  of 
calculation,  so  one  uses  the  lens  which  comes  nearest  to  it  in  the  test  case, 
and  we  correct  the  slight  difference  by  the  distance  at  which  the  glass  is 
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placed  from  the  eye.  Any  one  who  must  frequently  prescribe  strong 
glasses  for  distance,  soon  learns  to  give  the  proper  correction  for  near/' 

"The  dioptric  system  now  being  in. use,  having  once  found  the  cor- 
rection for  distance,  the  glass  for  near  is  very  easily  found  by  adding  to 
this  the  glass  which  would  represent  the  amplitude  of  accommodation  up 
to  the  point  at  which  the  patient  wishes  to  read.  Thus,  if  this  be  25  cm. 
■ff^  4  D,  then  if  glass  required  for  distance  is  10  D  for  near,  10  -|-  4  D 
=  14  D  would  be  required;  if  this  is  12  D  for  near,  12  -|-  4  D  =  16  D  would 
be  required.'^ 

In  order  to  see  a  point  distinctly,  which  is  at  a  distance  T  removed  from  the 
leRS,  the  rays  of  light  which  emanate  from  it,  after  they  have  passed  through 
a  lens  having  a  focal  length  of  F„  which  is  accommodated  for  near,  must  con- 
verge to  the  same  point,  as  do  parellel  rays  after  thcoT  have  been  deflected  by 
a  lens  F,,  which  is  the  proper  correction  for  distance.  This  mutual  dependence 
of  Y  and  F2  is  expressed  (by  the  conjngate  focal  distance)  in  the  following 
equation:  -L-|-Jl=J 

"By  calculating  the  value  of  y  we  get  the  point  at  which  distinct 
vision  is  possible  in  front  of  the  lens.  To  get  the  exact  distance  at  which 
distinct  vision  is  to  be  obtained  in  front  of  the  cornea  or  the  nodal  point  of 
the  eye,  this  distance  from  the  lens  from  these  points  is  to  be  added/' 

Having  found  the  correcting  glass  for  distance,  i^:  becomes  a  matter  of  in- 
terest to  know  with  exactly  which  glass  placed  at  the  same  distance,  it  would 
become  possible  to  see  distinctly  at  10"  or  8"  from  the  eye.    Thus,  if  F*=-^-  and 

3.5 

y=lO,"  then  i_=J-4-±=l?d?_=_L.   Now,  if  we  reUin  the  value  of  F* ,  and  if  y==8", 
■^  '  P«       10^8.6       85      2&»  '  *  J  f 

then-L^J-f-L=lH=_L. 

F*        1«  ^8.5       28      ^.43 

Hence,  one  w^ould  see  distinctly  at  a  distance  of  10,  5^^  with  a  lens    -L  at 

2.69 

a  distance  of  O.S'''   from  the  eye,  and  distinct  vision  at  8.5''    with  a  lens   JL 

2  4.% 

0.5  ^^  from  the  eye.    Since  both  of  these  glasses  are  not  found  in  the  test  case, 
one  chooses  the  nearest  glass,  J-,  and  if  the  distance  of  the  glass  before  the 
eye  is  not  changed,  accurate  vision  will  be  attained,  at  8.75'^  from  the  glass, 
9.25'^  from  the  cornea  and  at  9.(50"  from  the  nodal  point  of  the  eye. 

"K'ow,  if  one  will  look  in  table  XIII  and  find  the  distance  for  which 
an  aphakic  eye  is  focus  when  armed  with  a  convex  glass  of  ^  focal  dis- 
tance, placed  at  0.5''  distance,  one  will  find  that  this  is  given  in  the  fifth 
column  as  ^  which  coincides  with  our  second  value,  9.25.  At  the  same 
time  we  discover  that  the  degree  of  vision  for  near  objects  is  much  greater 
than  for  distance  would  have  led  us  to  expect.  The  reason  for  this  is,  as 
has  already  been  indicated,  due  to  the  increase  in  size,  owing  to  the  strength 
of  the  convex  glass  used." 
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If  the  degree  of  vision  attained  is  not  sufficient  to  answer  the  require- 
ments of  the  patient,  we  have  another  means  at  our  disposal  to  enlarge 
the  retinal  images,  and  thus  to  increase  the  apparent  degree  of  vision,  one 
either  removes  the  glass  further  from  the  eye  or  one  uses  a  stronger  glass. 
But  in  both  cases,  as  can  be  seen  from  tables  XII  and  XIII,  the  object  must 
be  brought  nearer  to  the  eye.  The  patient  then  sees,  if  on^  may  use  the 
expression,  as  if  he  were  looking  through  a  Galileo's  telescope,  or  is  using 
a  lens  to  enlarge  images. 

From  all  that  has  been  said  it  will  be  seen,  that  no  statistical  results 
are  of  any  value,  in  which  simply  the  number  of  the  Snellen  or  Yager's 
test  type  read  are  givon,  only  then  do  they  give  a  correct  idea  as  to  the 
degree  of  vision  attained,  when,  at  the  same  time,  the  distance  at  which 
they  are  read  is  also  stated.  But  even  then  the  most  tireson^e  calculations 
are  necessary,  since  the  smallest  test  type  of  Yager  and  Snellen,  in  caaes 
of  normal  vision,  must  be  read  at  a  much  greater  distance  than  is  the  usual 
reading  distance." 

THE  CYLINDRICAL  COBRECTION.  "Just  as  soon  as  one  finds 
that  the  amount  of  vision  attained  for  either  distance  or  near  does  not 
equal  the  average  degree  which  ought  to  be  attained  by  the  use  of  spher- 
ical glasses,  the  attempt  should  be  made  to  improve  this  by  the  use  of 
cylinders.  Beuss  and  Woinow  have  demonstrated  to  us,  that  in  most  cases 
this  procedure  will  be  successful,  if  there  is  not  a  very  large  secondary 
cataract  present.  If  we  have  found  the  cylindrical  correction  for  distance, 
we  simply  add  this  to  the  spherical  combination  for  near." 

"The  above  named  authorities  claim  to  have  found,  that  in  the  aphakic 
eye,  at  times  when  looking  at  near  objects,  the  degree  and  position  of  the 
meridian  in  which  the  astygmatism  lies  is  changed;  however,  this  observa- 
tion has  never  been  corroberated  by  any  other  observers." 

"As  a  rule,  the  number  of  the  cylindrical  glass  is  found  by  experiment, 
but  in  order  to  save  time  one  may  start  out  with  the  average  degree  (A to 
3^),  and  place  it  in  the  well-known  direction  of  least  curvature  which 
appears  after  cataract  operations.  A  very  valuable  control  experiment  is 
that  of  measuring  the  corneal  curvature  with  the  opthalmometre.  Since 
when  we  have  arrived  at  the  corneal  astygmatism,  we  have  at  the  same 
time  arrived  at  the  total  astygmatism  of  the  entire  eye." 

"Reuss  and  Woinow  have  advised  the  use  of  a  cylinder,  as  found 
by  opthalmometric  examination;  but  still,  since  following  this  examina- 
tion, one  must  still  test  to  see  how  much  vision  is  attained,  one  can  not 
see  why  this  procedure  is  to  be  preferred." 

"Thomas  Young  showed  that  by  placing  a  spherical  convex  lens 
obliquely,  the  homocentric  rays  of  light  which  fall  on  it  do  not  exactly 
come  to  a  point,  but  come  together  in  two  lines  placed  vertical  to  each 
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oth^r,  so  that  we  can  produce  a  similar  effect  by  placing  the  glass 
somewhat  obliquely  to  the  line  of  vision,  thus  producing  an  effect 
analogous  to  the  combination  of  a  spherical  and  cylindrical  lens.  And  it 
is  well  known  that  those  who  wear  glasses  often  unconsciously  correct 
slight  degrees  of  astygmatism  by  bending,  moving  forward,  or  displacing 
their  spectacle  frame." 

"We  often  find  patients  who  have  undergone  cataract  operation  place 
their  glasses  in  an  oblique  position.  Every  beginner  often  is  very  much 
confused  to  find  the  patient  state  that  at  times  he  sees  better,  at  timies 
worse  with  the  same  glass,  or  is  unable  to  explain  this  condition  satisfac- 
torily to  himself;  or  in  other  words,  that  he  can  see  better  with  his  spec- 
tacles than  he  can  with  a  glass  of  the  same  focal  strength,  which  the  phy- 
sician places  in  front  of  his  eye.  Both  conditio];ls  are  explained  by  the 
cylindrical  action  of  a  glass  heM  oHiquely.  That  which  the  patient  often 
does  unconsciously  is  often  a  valuable  aid  in  the  hand  of  the  physician, 
who  in  this  simple  manner  can  increase  the  degree  of  vision.  Bonders 
drew  attention  to  the  fact  in  1864,  and  Javal  used  it  m  1865,  and  I  believe 
that  in  many  cases  one  can  avoid  giving  a  cylindrical  correction  by  employ- 
ing this  means.  Unfortunately  as  yet  we  have  no  scientific  explanation 
for  this  practical  and  important  subject.^' 

THE  INFLUENCE  WHICH  GLASSES  EXERT  ON  THE  VISION 
OF  APHAKIC  EYES. 

a.  CONTRACTION  OF  THE  FIELD  OF  VISION.  From  time 
immemorial  it  has  been  customary  to  prescribe  large  round  glasses  for 
cataract  glasses.  It  was  supposed  that  by  this  means  we  could  increase 
the  size  of  the  field  of  vision.  Many  patients,  however,  remonstrated 
against  such  glasses,  because  the  weight  often  became  a  burden,  and  fre- 
quently the  patients  would  go  and  have  them  cut  oval.  By  doing  this 
they  did  the  proper  thing  in  more  ways  than  one." 

"Already  Thomas  Young  had  shown  that  rays  of  light  passing  through 
a  bi-convex  lens  placed  obliquely,  did  not  come  together  at  a  single  point, 
but  in  two  focal  lines  at  a  certain  focal  distance.  This  departure  from  the 
regular  refraction  increases  with  the  size  of  the  exposed  surface  of  the 
glass,  and  with  the  angle  at  which  the  glass  is  placed,  and  with  its  curva- 
ture. As  a  result,  when  looking  through  convex  glasses,  objects  in  the 
periphery  of  the  field  of  vision  look  distorted.  To  overcome  this  evil  effect 
Wollaston  constructed  his  periscopic  glasses;  whereas  several  practical 
opticians  of  his  time  advised  glasses  of  a  smaller  diameter,  since  they  started 
out  with  the  assumption,  that  the  outer  portion  of  the  retina  is  less  sensi- 
tive, hence,  could  well  get  along  without  an  optical  correction  without  any 
evil  effects.    The  advantage  which  Wollaston  hoped  to  get  from  periscopic 
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glasses  has  not  been  practically  realized,  at  least  for  convex  glasses.   Since 

it  was  shown  that  the  so-called  prismatic  displacement,  at  least  for  the 

periscopic  glasses,  is  just  as  great  as  it  is  with  bi-convex  or  plain  convex 

glasses/' 

"When  weak  convex  glasses  are  used,  this  disturbance,  so  far  as  the 
excentric  vision  is  concerned,  is  not  very  great.  But  if,  as  is  the  case  with 
those  who  have  undergone  a  cataract  operation,  strong  convex  glasses  are 
exclusively  used,  we  find,  as  Berlin  showed,  that  it  is  not  a  matter  of  dis- 
tortion, but  a  zonular,  concentrically-defined  defect  in  the  periphery  of 
the  field  of  vision.  Even  when  the  large  round  circular  cataract  glasses 
are  used,  the  outer  periphery  of  the  retina  receives  its  light  direct,  without 
passing  through  the  cataract  glasses.  Owing  to  the  highly  prismatic  action 
of  the  edges  of  the  cataract  glasses,  light  does  not  reach  the  pupil  from  a 
not  inconsiderable  zone  of  the  field  of  vision.  And  since  a  total  reflection 
also  takes  place  from  the  edges  of  the  cataract  glasses,  Berlin  especially 
draws  attention  to  the  fact,  that  this  zone  is  not  sharply  outlined  in  any 
direction  as  a  result  of  the  action  of  this  total  reflection.  Since  the  outer 
limits  of  the  field  of  vision  are  more  dependent  on  the  size  of  the  glass, 
by  making  thfese  smaller  we  can  at  least  limit  this  eccentric  loss  of  the 
peripheric  field  of  vision.  Hence,  I  see  no  reason  why  we  should  prescribe 
large,  heavy,  and  therefore  very  uncomfortable  cataract  glasses  instead  of 
the  oval  glasses,  when  at  the  same  time  we  desire  the  benefit  of  a  diminu- 
tion of  the  peripheric  distortion,  and  loss  of  the  excentric  portion  of  the 
field,  especially  above  and  below." 

"For  the  upper  half  of  the  field,  the  advantage  certainly  would  not 
be  of  any  great  importance,  but  when  glancing  downward  the  condition 
of  affairs  certainly  assumes  great  importance.  Only  too  often  do  cataract 
patients  complain  of  defective  ability  to  exactly  locate  objects.  In  walking, 
especially  in  going  up  or  down  stairs,  they  are  frequently  impeded,  so  that 
many,  especially  when  they  have  a  slight  myopia,  prefer  to  walk  about 
without  their  glasses.  On  using  the  oval  glasses  this  defective  power  of 
locating  objects  is  at  once  corrected.  Undoubtedly  the  patients  receive 
inaccurate  images  of  the  floor  on  which  they  are  walking,  but  at  the  same 
time  they  do  not  receive  interrupted  or  distorted  retinal  images." 

"Owing  to  the  highly  prismatic  deflection  which  all  the  rays  of  light 
receive,  except  those  which  traverse  the  centre  of  the  glass,  we  must  be 
especially  careful  to  '3\}c  that  in  cases  where  both  eyes  have  bet»u  operated, 
the  glasses  are  perfectly  centered.  Otherwise,  very  annoying  diplopia  or 
asthenopic  trouble  will  arise." 

"If  only  the  one  eye  has  been  operated,  and  the  other  can  no  longer 
be  used  to  see  with,  the  glasses  for  distance  and  near  may  be  put  in  one 
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frame,  with  a  neutral  nose  piece,  if  a  high  hridge  on  the  nose  does  not 
veto  such  a  procedure/* 

^'Hence,  the  field  of  vision  of  the  aphakic  eye  extends  over  as  much 
space  as  does  a  complete  eye.  Only  the  former  can  not  see  so  well,  in  the 
periphery  as  in  the  center,  even  when  provided  with  glasses,  owing  to  the 
distortion  of  the  images.  And  this  inconvenience  is  increased  by  the  cata- 
ract glasses.  This  contraction  of  the  field,  as  a  result  of  the  u^  of  the 
convex  glasses,  become'*  increased  when  the  distance  of  the  glasses  from  the 
eyes  is  increased.  Hence,  owing  to  these  conditions,  accommodation 
can  be  accomplished  by  the  use  of  stronger  glasses.  Naturally,  the 
increase  in  the  apparent  acuity  of  vision  for  distance  suffers  also  where 
there  is  a  very  large  contraction  of  the  field  of  vision.  Hence,  it  is  almost 
impossible  to  v^ear  continuously  in  front  of  both  eyes  glasses  far  removed, 
notwithstanding  the  pleasure  which  such  patients  may  derive  from  wearing 
their  simple  opera  glasses." 

EXACT  CENTERING.  "In  the  selection  of  cataract  glasses  more 
depends  an  the  selection  of  a  proper  frame  than  on  any  other  condition  in 
which  glasses  are  required,  for  on  this  is  dependent  the  fact  whether  the 
eye  and  the  glass  will  be  properly  centered.  For  instance,  the  prismatic 
deflection  when  using  a  +-3^5-  at  1  mm.  distance  from  the  center  is  as  great 
as  in  a  -f  |^  at  3  mm.  distance  from  the  center  (1**  16').  By  this  means  not 
only  is  there  a  very  perceptible  distortion  of  objects,  and  the  arrangement 
of  the  same,  brought  about  in  the  periphery  of  the  field  of  vision,  but 
light  is  broken  up  into  its  various  colors,  which  becomes  very  annoying 
to  the  patient.  Hence,  no  one  who  is  necessitated  to  wear  glasses,  worries 
himself  so  long  and  so  persistently,  so  as  to  get  them  in  a  proper  position 
in  front  of  his  eyes,  as  does  the  patient  operated  on  for  cataract." 

"As  long  as  only  one  eye  has  been  operated  on,  we  may  permit  the 
patient  to  worry  himself  in  getting  his  glass  properly  centered.  But  in 
prescribing  cataract  glasses  for  both  eyes,  other  factors  come  into  play, 
such  as  the  occurrence  of  diplopia,  and  we  must  take  into  consideration 
the  muscular  condition  of  the  eyes,  and  then  it  becomes  the  physician^s 
duty  to  see  that  the  glasses  have  a  proper  position,  in  their  relation  to  the 
eyes,  according  to  the  general  fundamental  rules.  If,  as  i&  usually  the 
case  under  such  circumstances,  we  prescribe  separate  glasses  for  distance 
and  near  work,  we  must  at  least  approximately  take  into  account  for  each 
special  case,  the  angle  which  the  lines  of  vision  must  make  with  each 
other,  and  aside  from  this  we  must  see  to  it  that  the  glasses  are  so  bent 
as  to  form  an  obtuse  angle,  open  anteriorly." 
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FEW  PECLiLIARITIES  OF  APHAKIC  VISION,  a,  Entopic 
Vision.  It  would  hardly  seem  necessary  to  state,  that  in  consequence  of 
loss  of  the  lens,  all  entopic  phenomena  which  arise  in  the  lens  system  are 
wanting,  if  it  were  not,  that  at  times  during  the  formation  of  a  cataract, 
these  phenomena  force  themselvee  to  th^  attention  of  the  patient  in  the 
most  disturbing  manner. 

In  aphakia  the  patient  becomes  aware  of  opacities  in  the  vitreous 
under  entirely  changed  optical  conditions.  Since  the  entire  vitreous  has 
moved  perceptibly  away  from  the  focal  plane;  hence,  where  no  cataract 
glass  is  used,  every  cloudiness  in  the  same  must  cast  a  shadow  on  the  retina, 
and  since  the  power  of  accommodation  is  wanting,  hence  all  vitreous  opaci- 
ties will  at  once  be  recognized,  as  soon  as  an  eye  equipped  with  cataract 
glasses  directs  its  attention  to  any  object  which  is  at  a  distance  equal  to 
that  for  which  the  glass  is  intended. 

ERYTHROPSIA.  A  peculiar  subjective  phenomenon  of  the  aphakic 
eye  is  the  sudden  occurrence  of  red  vision,  of  which  the  patients  not  infre- 
quently complain,  and  which  frightens  them  greatly  the  first  time  it  occurs. 
It  occurs  suddenly;  at  times  it  lasts  but  a  few  minutes;  in  other  cases,  hours 
and  even  days.  It  always  disappears  gradually.  Since  all  patients  who 
observe  this  are  sure  to  relate  it  to  their  physicians,  hence  it  can  be  stated 
with  certainty  that  it  occurs  in  from  3  to  5  per  cent,  of  all  cases. 

Since  no  evil  results  have  ever  been  observed  following  its  occur- 
rence, one  is  justified  in  quieting  the  fears  of  the  patient  by  making  a 
good  prognosis.  Becker  had  the  opportunity  repeatedly  to  examine,  with 
the  opthalmoscope,  such  a  patient  during  an  attack,  and  believed  that  he 
might  safely  state,  that  he  did  not  observe  a  hyperaemia,  either  of  the  retina 
or  the  optic  nerve. 

Erythropsia  has  been  the  subject  of  considerable  investigation  by 
Hirschler,  Dimmer,  Purtscher,  Meyerhauser,  Steiner,  Benson  and  many 
others. 

Dr.  Hirschler  has  been  the  subject  of  this  peculiar  phenomena  him- 
self, and  has  given  us  a  graphic  description  of  his  sensations. 

He  states  *  tuat  he  had  always  been  very  near  sighted  (M.  1-10,  suffered  from 
mouches  volantes.  and  frequently  scotoma  scintillans  fugax).  Strong  light  al- 
ways caused  trouble,  and  frequently  caused  "nachbilder."  In  1878  his  left  eye 
became  diseased,  and  in  1880  cataract  developed  in  his  right.  In  1882  a  Von 
Graefe  extraction  with  a  broad  coloboma.  With  the  exception  of  micropsie,  the 
process  of  healing  and  convalescence  was  perfect.  Notwithstanding  astygma- 
tism  with  a  4  5^  V  J  J ,  and  with  a  +  3%,  read  Y 1.      The  peculiar  phenomena 
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of  erythropsia  began  the  fifth  month  after  the  operation.  As  soon  as  evening 
approached  the  entire  firmament  appeared  red,  whereas  all  terrestrial  objects 
were  red  through  the  refiection  of  the  red  light  from  above.  This  phenomenon  was 
also  present  indoors,  but  only  on  looking  toward  the  windows.  This  continued 
regularly  for 'about  one  hour,  gradually  disappearing.  During  the  continuance 
of  this  phenomenon  the  acuity  of  vision  was  not  reduced.  Even  on  cloudy  days 
this  red  discoloration  of  the  firmament  did  not  fail  to  appear,  even  if  the  rain 
was  coming  down  in  torrents.  This  phenomenon  never  occurred  during  the  day. 
However,  If  the  eyelids  were  brought  sufficiently  close  together  this  red  discol- 
oration could  be  made  to  disappear  during  the  evening.  However,  closure  of 
the  right  cataractous  eye  did  not  exert  the  slightest  Infiuence  on  this  phe- 
nomenon. Towards  the  {all  of  the  year  the  erythropsia  disappeared  just  as 
suddenly  as  It  had  come.  He  seeks  the  cause  in  the  large  iris  colobom,  not  as 
a  result  of  the  colored  rays  of  dispersion,  but  rather  as  a  result  of  the  intensity 
of  the  light  which,  falling  on  the  peripheric  portions  of  the  retina,  caused  there 
an  unusual  degree  of  irritation.  This  excessive  irritation  Is  followed  by  exhaus- 
tion. In  this  case,  the  peripheral  portion  of  the  retina  being  so  exhausted  that 
light  at  twilight  was  not  strong  enough  to  arouse  sensation  to  its  fullest  de- 
gree. This  exhaustion  must  manifest  itself  for  rays  of  light  which  have  higher 
Indices  of  refraction,  whereas  the  sensitiveness  for  the  red  rays  is  still  present, 
as  a  result  of  which  the  field  is  colored  red.  The  results  of  experiments  with 
stenopaic  glasses  verifies  this. 

Purtscher^  investigated  this  subject,  drawing  the  following  conclusion: 

1.  That  erythropsia  is  not  an  optical  phenomenon.  Dispersion  of  colors 
could  not  be  thought  of,  because  then  only  the  edges  of  objects  would  be 
colored. 

Two  causes  might  be  thought  of,  cloudiness  of  media  or  hemorrhages 
in  the  vitreous,  but  both  can  be  set  aside  because  if  present  they  could  be 
detected  with  the  opthalmoseope.  Further,  there  is  no  reduction  of  acuity 
of  vision  during  the  time  everything  appears  red  to  the  patient. 

2.  I'hs  occurrence  of  erythropsia  in  aphkia  is  not  dependent  on  the  pres- 
ence of  a  coloboma.  In  his  own  case  of  traumatic  cataract,  likewise  in  Dim- 
mer's case,  there  was  no  coloboma. 

3.  An  explanation  on  the  basis  of  contrast  in  colors  can  not  he  brought 
in  accordance  with  the  facts.  Though  it  has  been  supposed  that  after  re- 
maining for  a  long  time  where  everything  is  green,  the  complimentary 
color  red  will  appear.  One  fact  mitigates  greatly  against  this  assumption, 
for  in  many  cases  the  red  appeared  at  once  on  waking  in  the  morning. 
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4.  Hirschler^s  explanation  has  a  physiological  basis  for  it.  He  explains 
the  erythropsia  as  due  to  fatigue  of  the  retina,  which  becomes  most  evident  in 
the  evening^  and  manifests  itself  mostly  for  the  more  highly  reflective  rays, 
whereas,  the  rays  of  less  refractive  power  can  still  act, 

Aubert  ^  states  that  sensitiveness  for  blue  or  green  is  lost  in  ten  min- 
utes, when  dark  blue  or  dark  green  glasses  are  worn;  whereas,  red  can  still 
be  seen  after  several  hours.  One  might  suppose  that  a  retina  which  be- 
comes fatigued  very  rapidly  (for  colors),  would  lose  its  sensitiveness  for 
refractive  rays  of  diffuse  light  much  sooner  than  its  sensitiveness  for  the 
less  highly  refractive  red  rays. 

Further,  one  ought  not  forget  the  fact  that  among  pigments  red  can 
still  be  recognized  where  the  intensity  of  the  light  is  reduced,  after  all  other 
colors  can  no  longer  be  seen.  Hence,  it  would  seem  that  the  conditions 
for  the  recognition  of  red  rays  are  more  favorable  wli«flr  tbe^  intensity  of 
the  illumination  is  reduced. 

This  fact  becomes  still  more  important  where,  in  a  fatigued  eye, 
hemeralopia  also  is  present  (as  Hirschler  states  of  his  own  case),  and  which 
he  assumes  to  occur  generally  in  apliakics,  where  coloboma  has  been  made. 

5.  This  phenomenon  of  seeing  everything  red  is  purely  a  subjective  one, 
and  has  its  seat  in  the  sensitive  apparatus  which  receives  the  rays  of  light. 
It  is  partly  direct,  partly  indirect,  depending  on  nervous  influences. 

For  the  former,  one  can  assume,  that  a  retina  which  had  been  shielded 
for  a  long  time  from  the  more  intense  impression  of  light  by  a  developing 
cataract,  would  certainly  be  more  sensitive  to  the  action  of  light  after  the 
pbstacle  had  been  suddenly  removed.  Likewise,  the  tendency  to  fatigue 
would  be  greater. 

He  gives  a  series  of  cases  and  further  invest igations,''  and  after  review- 
ing all  the  literature,  reasserts  all  the  above,  and  finally  concludes: 

"This  phenomenon  of  seeing  red  is  purely  a  sxibjective  one,*  due  to 
irritation,  or  finally,  a  fatigue  of  the  visual  apparatus — the  result  of  partly 
direct,  partly  indirect,  nervous,  special  and  vaso-motor  influence.  Indi- 
viduals of  a  naturally  nervous  disposition  and  aphakic — possibly  more  cor- 
rectly, those  who  have  suffered  from  cataract — are  predisposed.  This  pre- 
disposition is,  in  all  probability,  heightened  by  coloboma.^* 

Immediately  after  delivery  of  the  lens,  patients  not  infi-equently  see 
everything  in  a  color  other  than  normal,  as  per  example,  the  finger  looks 
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blue.  One  looked  upon  this  as  a  contrast  action;  for  as  we  stated,  an  intense 
yellow  color  of  the  nucleus  influenced  tlie  perception  of  colors  in  the  cata- 
ract patient.  Under  such  circumstances  we  would  expect  this  phenomenon 
to  disappear  a  certain  length  of  time  after  delivery  of  the  lens,  and  ought 
to  be  entirely  wanting  in  soft  cataracts,  which  have  a  yellow  nucleus.  Both, 
however,  are  not  true;  it  can,  however,  be  shown  that  this  phenomenon 
is  due  to  particles  of  lens  substance  left  behind  in  the  aqueous,  and  to- 
very  finely  diffused  blood.  This  blue  discoloration  always  disappears  as  soon 
as  the  lens  substance  is  absorbed.  At  times  simply  permitting  the  aqueous 
to  be  evacuated  a  number  of  times  by  separating  the  edges  of  the  wound, 
is  sufficient  to  cause  the  finger  held  before  the  eye  to  again  assume  its 
normal  color. 

Fuchs*  has  given  us  the  most  exhaustive  exposition  on  this  subject, 
and  has  shown  that  erythropsia  may  occur  in  normal  eyes.  He  came  to  the 
conclusion  that  the  cause  must  be  sought  in  some  direction  other  than  in 
the  illuminated  field.  He  found  that  erythropsia  ensued  even  when  colored 
glasses  were  used,  and  concluded  that  the  erythropsia  is  entirely  independ- 
ent of  the  color  of  the  light.  Finally,  he  sought  its  origin  in  the  color  of 
the  visual  purple  of  the  retina,  which  begins  to  regenerate  every  time  the 
eye  is  removed  from  the  influence  of  the  light.  He,  however,  indicates 
that  he  can  not  "explain  why  at  times  the  red  seeing  is  preceded  by  green. 

Snellen^  believes  that  this  is  a  contrast  phenomenon.  The  portion 
of  the  eye  which  had  been  exposed  to  the  bright  light  will  appear  red, 
whereas  the  portion  which  has  been  protected  (being  in  the  shadow),  by 
contrast  will  appear  green.  Finally,  he  points  to  the  fact  that  a  very  thin, 
transparent  lid,  owing  to  its  great  vascularity,  a  strong  light  passing 
through  it  into  the  eye,  on  trans-illumination,  will  appear  of  a  purple  color. 

b.  OPTHALMOSCOPICAL  EXAMINATION.  "As  is  well  known, 
m  the  emmetropic  eye,  the  entire  curvature  of  the  retina  lies  in  the  focal 
plane  of  the  dioptric  system.  According  to  Thomas  Young  this  is  sup- 
posed to  be  due  to  the  lamellar  formation  of  the  lens  Helmholtz  agrees 
with  the  idea,  and  mere  recently,  owing  to  this  property  of  the  concentric 
arrangement  in  layers  of  lenses,  Ludimar  Hermai.  has  applied  to  them  in 
a  somewhat  different  sense  the  name  "periscopic."  It  is  a  fact,  that  in 
making  the  direct  examination,  even  those  points  in  the  periphery,  even 
where  it  is  still  possible  to  get  a  view  of  the  fundus,  do  not  give  us  dis- 
torted pictures.  But  I  can  not  agree  with  Bonders  when  he  states  that 
we  can  see  the  various  portions  of  the  retina  without  changing  our  accom- 
modation.   The  former  is  caused  by  the  lens,  which  seems  to  be  shown  with 


aUber  Erythropsle.    Graefe's  Arch.,  XLII.,  Part  4.    1896. 
b  ErythropKie,   Graefe's  Arch.,  XT^IV.,  Part  I.    1807. 
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a  certain  degree  of  certainty  by  the  fact,  that  in  aphakia  we  can  only  recog- 
nize the  periphery  of  the  fundus  in  variously  distorted  pictures.  However, 
we  can  not  draw  any  ceri;ain  conclusion  from  this,  because  on  the  one 
hand  we  know  that  the  curvature  of  the  cornea  suffers,  as  a  result  of  the 
operation,  and  because  on  the  other  hand  the  capsule  which  is  folded  and 
left  behind  under  all  circumstances,  causes  an  irregular  astygmatism, 
which  becomes  more  manifest  in  the  periphery  than  m  the  center." 

"Dondera  quite  to  the  contrary  saw  the  periphery  of  the  fundus  much  more 
distinctly  when  the  lens  was  absent  than  when  it  was  present.  And  since,  in 
the  former  case,  the  peripheral  images  are  also  properly  projected,  he  assumes 
that  in  aphakia  the  indirect  examination  is  so  changed,  that  the  form  of  objects 
in  the  retinal  pictures  are  now  better  seen  with  the  opthalmoscope,  and  hence 
are  less  properly  projected  by  the  eye." 

c,  BINOCULAR  VISION  IN  APHAKIC  EYES.  "Up  to  the  pres- 
ent  time  binocular  vision  in  aphakic  eyes  has  not  been  adequately  investi- 
gated. For  the  little  which  we  do  know  we  are  indebted  to  Von  Graefe 
(807).  The  question  becomes  pre-eminently  a  practical  one,  where  we  are 
to  decide  whether  or  not  we  shall  operate  when  a  cataract  is  present  on 
only  one  eye.  The  question  must  be  answered  variously,  depending  on 
the  fact  whether  the  other  eye  is  still  intact,  hence  able  to  see,  or  whether 
the  second  eye  is  already  attacked  by  cataract^  but  is  still  in  a  condition  to 
see.  Aside  from  this,  we  must  take  into  consideration  whether  or  not  the 
eye  to  be  operated  on  promises  a  satisfactory  result  as  to  vision.  If  this 
is  not  the  case,  the  operation  is  to  be  made  for  cosmetic  reasons,  and  it 
would  seem  hardly  necessary  to  state  here,  that  everything  depends  on 
whether  it  wouW  be  practical  to  operate  or  not  under  such  conditions. 

"In  those  cases  in  which  the  second  eye  is  already  affected,  it  is  not 
difficult  to  come  to  a  decision.  Nevertheless,  experience  has  taught,  that 
where  two  eyes  see  under  such  different  conditions,  they  disturb  each  other 
Yevy  much  during  the  £ct  of  seeing.  Each  eye  blends  the  other.  As  long 
as  the  non-operated  eye  answers  all  the  special  demands  for  seeing  on  the 
part  of  the  patient,  he  prefers  to  use  the  non-operated  eye,  especially  for 
near  work;  and  at  times  even  when  the  degree  of  vision  on  the  operated 
eye  is  greater.  This  is  explained  by  the  fact,  thiat  in  the  operated  eye  much 
illy-refracted  light  enters  the  eye,  which  blends  the  distinct  picture  of  the 
other  eye,  always  assuming  that  the  secondary  cataract  is  not  a  large  one, 
causing  an  enlarged  retinal  image,  which  without  a  correction  is  a  very 
indistinct  one;  and  hence,  the  patient  finds  himself  in  a  position  similar 
to  that  of  anisometropie,  however,  receiving  rather  lees  diffused  light 
than  the  non-operated  eye." 

"If  the  non-operated  eye  no  longer  suffices  for  seeing,  this  over-blend- 
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ing  will  still  take  place.  But  it  loses  its  disturbing  qualities  the  more  the 
cataract  progresses.  Hence,  we  can  often  answer  complaints  with  this  con- 
solation, if  we  do  not  prefer  to  cut  off  the  eye  entirely  from  the  act  of  see- 
ing by  placing  an  opaque  disc  before  it.  Notwithstanding  all  these  draw- 
backs, no  one  should  ever  hesitate  to  operate  a  ripe  cataract  because  the 
other  is  not  yet  ripe.  And  indeed  the  time  for  an  operation  has  arrived, 
when  the  second  affected  eye  begins  to  fail  in  its  service.  Hence,  we  save 
the  patient,  short  as  this  might  be,  time  of  enforced  idleness.  One  ought, 
with  Graefe,  to  wish  every  person  without  exception,  who  is  affected  with 
cataract,  a  successive  development  of  the  trouble  on  both  eyes.^^ 

''If  we  are  dealing  with  a  cataract  on  the  one  eye,  where  the  other  eye 
shows  no  sign  of  becoming  affected  in  the  same  way,  as  in  a  case  of  cafaracta 
traumatica  or  complicata,  one  must  consider,  that  f^fter  even  a  successful 
operation,  the  patient  will  have  a  high  degree  of  anisometropia  during  the 
rest  of  his  Lfe.  In  a  certain  proportion  of  these  cases  of  acquired  anisome- 
tropia, and  as  it  occurs  in  congenital  cases,  the  image  on  the  operated  eye 
is  suppressed.  As  a  result  no  absolutely  sharp  fixation  on  the  operated  eye 
takes  place  during  the  act  of  accommodation  and  the  associated  movements. 
Likewise,  by  the  use  ci  prisms,  one  can  neither  bring  about  the  perception 
of  double  images  nor  a  deviation  of  the  visual  line.  (V.  Graefe.)  Investi- 
gations have  not  as  yet  been  made  to  find  out  whether  or  not  these  occur 
in  eyes  which  before  the  cataract  operation  had  perfect  binocular  vision. 
In  another  percentage  of  cases  Von  Graefe  found  that  true  binocular  vision 
did  occur,  without  causing  the  patient  any  particular  annoyance,  notwith- 
standing the  enormous  difference  in  the  refractive  condition  of  the  two 
eyes.  If  the  fixation  is  absolutely  correct,  the  eye  will  turn  inward  in  using 
an  adducting  prism,  and  it  will  turn  outward  behind  an  abducting  prism. 
Stereoscopic  vision  is  present,  and  distance  can  be  properly  judged." 

"Up  to  the  present  time  I  have  only  had  one  patient  under  observa- 
tion who  could  be  used  for  making  these  experiments — the  young  colleague 
whom  I  have  so  repeatedly  mentioned.  I  can  positively  assert,  that  during 
complete  and  accurate  fixation  he  was  not  disturbed  in  the  least  by  the 
difference  in  the  size  of  the  images.  The  use  of  prism  gave  the  same  results, 
and  he  was  not  aware  of  any  difference  in  his  ability  to  judge  distances 
and  in  looking  at  stereoscopic  pictures.  I  regret,  however,  that  I  have  not 
been  enabled  to  make  any  more  exact  experiments.  Hence,  thij  very  inter- 
esting subject  is  still  to  be  investigated." 

"Though  such  successful  cases  are  to  be  looked  upon  as  exceptional,  one 
must  nevertheless  emphasize  the  fact,  that  no  disadvantage  has  as  yet  been 
absolutely  proven  against  such  an  operation.  True,  we  have  stated,  that 
the  -other  eye'  is  blended.    -Even  jn  -thjose  cases  in  which  it  J.s.  pra^ient,  the 
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patients  become  accustomed  to  it,  in  the  course  of  a  few  weeks.  It  is  said 
that  not  infrequently  strabismus  appears  on  the  operated  eye.  This  does 
occur,  but  it  certainly  is  dependent  on  a  disturbance  of  the  muscular  bal- 
ance which  must  have  existed  before  the  operation.  If  it  should  occur,  a 
tenotomie  will  correct  it.  Finally,  the  cry  against  a  one-sided  operation  is 
raised,  of  the  occasional  occurrence  of  diplopia,  a  condition  which,  accord- 
ing to  Von  Graefe,  is  but  exceedingly  seldom  noted.^^ 

'^After  all  this,  there  can  be  no  real  dieadvantage.  If  we  will  but  for 
the  time  set  aside  those  exceptionally  successful  cases,  in  which  a  really 
binocular  vision  is  attained,  a  mere  cosmetic  result  ought  to  favor  the  oper- 
ation; but  above  all,  the  enlarging  of  the  binocular  field  of  vision  on  (he  side 
of  the  operated  eye.  Firstly,  the  latter  at  least  prevents  the  development 
of  the  pathognomic  one-eyed  position  of  the  head.  (That  is,  a  turning  of 
the  head  toward  the  side  of  the  blind  eye,  and  the  eye  turns  toward  the 
side  of  the  seeing  eye.)  Secondly,  the  patient  preserves  the  power  of  locat- 
ing objects  correctly.  Since  in  binocular  vision,  with  two  healthy  eyes 
we  only  obtain  very  imperfect  retinal  images,  outside  of  the  horopter,  hence 
in  acquired  anisometropia  the  inaccurate  pictures  in  the  periphery  of  the 
retina  suffice  to  permit  us  to  exercise  proper  judgment  as  to  the  relative 
lateral  displacement  ai.d  depth  of  surfaces;  notwithstanding  the  fact  that 
the  retinal  images  in  both  eyes  do  not  fall  upon  identical  points." 

d.  AMBYOPIA  EX  ANOPSIA.  "An  interesting  fact  is  brought  to 
our  notice,  when  a  cataract  which  has  existed  for  a  long  time  is  finally 
extracted.  Graefe  relates  a  case  in  which  an  operation  was  finally 
made  after  a  cataract  had  existed  for  si^ty  years,  and  in  which  excellent 
vision  was  attained.  Becker  operated  a  woman  68  years  of  age,  who  had  a 
cataracta  traumatica  accreta,  which  had  existed  since  her  third  year.  The 
operation  was  done  after  the  other  eye  had  been  lost,  as  a  result  of  hypopyon 
keratitis,  and  the  vision  attained  was  exceedingly  satisfactory;  the  woman 
was  able  to  pray  again,  hence  read  in  her  prayer  book.  Analogous  cases 
certainly  come  under  the  observation  of  every  operator.^' 

"The  cases  in  which  such  good  results  are  attained  are  usually  cases  of 
traumatic  origin.  As  is  well  known,  vision  is  nearly  always  very  much 
reduced  in  cases  of  congenital  cataracts,  especially  when  they  are  compli- 
cated by  nystagmus." 

An  interesting  citud)^  is  the  education  of  sight  in  those  congenitally 
blind  from  congenital  cataract.  Here,  after  a  successful  operation,  the 
patient  sees,  but  can  not  recognize  the  objects  seen  until  after  sight  has 
been  educated  by  the  employment  of  the  senses,  such  as  touch.  Thus,  the 
patient  is  shown  a  key— sees  it  plainly,  but  does  not  recognize  the  object — 
but  let  him  touch  it,  and  he  will  at  once  say,  that  is  a  key.  The  object 
once  recognized  by  the  aid  of  other  senses,  is  ever  after  recognized  on  sight. 
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cnnl  errori;  tragi!  altri  esser  falso  che  Tumor  cristallino  sia  sem- 
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72.  John  Rauby,  On  occount  of  the  dissection  of  an  eye  with  a  cataract 

Philos.  Transact,  1724. 

1725.  73.  Woolhouse,  Th.,  Disp.  de  cataracta.    Trivult 
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racte.    Mem.  de  Lit.  et  du  P.  des  Molets,  III.  Paris. 
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106.  Trew,   Clir.  Jac,   De  cataracta.     In  commercio  Utterario.     Norici» 

I,  136. 

1748.  107.  Daviel,  Jacques,  Sur  une  nouvelle  methode  de  guerison  de  la  cata- 
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1749.  113.  Reghellini,  Janus,   Lettera  chlrurgica  sopra  Toffesa  della  vista  in 
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420 

1752.  122.  ,  Verhandeliug  van  de  cataracta  derzelve  Torzafiken  kentekenen 
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Spherical  402 

Hyperopic   376,  379 

Myopic 379 

Optical  System  in 374 

Peculiarities 408 

Pupil,  appearance  of 338 

Vision  in  Acuity  of  (Real  and 

Apparent) 397 

Acuteness  of 387 

Diminution  of,  (cause) ....   388 
APHAKIC  EYE— 

Appearance  of 338 

ARTIFICIAL  RIPENING  OP 

CATARACT 264,  357 

ASHES— 
Normanl  Lens 64 

ASTYGMATISM— 
After  operation,  cause  of  .348,  392 
After  partial  rupture  of  Zon- 
ula     155 

Degree  and  effect  of 389 

Influence  of  operation  on  de- 
grees     394 

Irregular,  cause  of 314 

ATHEROMA  of  the  CAROTID— 

Cause  of  Senile 236 

Choroidal  Vessels 240 
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ATROPINE- 

After  Extru^ction 332 

Danger  of  Glaucoma 354 

During  Extraction 362,  361 

Histor}'  of 116 

Physiological  action 311 

Ufle  of  C.  Incipiens 127 

AQUEOUS— 

Albumen  in 71 

Albumen  during  cataract  for- 
mation        72 

Chemistry  of 69 

BTacuation  of,  Effect  on  con- 
tour of  the  lens 36 

Effect  of  repeated  puncture  on 

chemical  constitution  of . . .   264 
Effect  on  position  of  the  lens.  297 

Historical  review 108 

Index  of  Refraction 70,  374 

Nutritive  fluid  of  Eye 318 

Re-accumulation  of 336 

Sugar  in 71 

BACTERIOLOGY— 

Importance  in  operating 362 

BUPHTHALMUS— 

Influence  on  the  Lens 168 

CAPSULA  LENTIS—  * 
Condition    of   (after   Extrac- 
tion)     349 

Corpuscles 45 

Construction  of 45 

Contraction  of 98 

Development  of,  (Time  of). 25,  27 

Dioptric  influence 375 

Elasticity  of 46 

Function 26,     27 

Growth 43 

Injuries  of,  by  cutting  instru- 
ments     252 

Lamellae,  (Zonular) 44 

Ledges 40 

Measurements 43 
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Origin,  (experimental  investi- 
gations)         44 

Perforation,  result  of  traction 
of  cyclitic  bands 203 

Physical  properties 45 

Pores 55 

Pressure,  (Intracapsular) — 

Fall  of 98 

Limiting  formation  of 
fibres 97 

Puncture  of,  (closure) 253 

Eeaction  of — 

Capsule  after  operation 309 

Contents  of  capsule  after. .  309 

Rupture  of 251 

Et  Zonula  Zinii 251 

Stomata   94,  266 

Swelling  of 56 

CAPSULAR  CICATRICES— 

Development 44 

Foreign  Substances  enclosed.  94 

Growth 45 

Pathology 90 

CAPSULAR  FORCEPS— 

Value  of 309 

CAPSULOTOMIE.     (CYSTO- 

TOMIE)  309 

Mode  of  procedure.  .306,  307,  350 
Dangers  of 309 

CATARACTA.    CATARACT-^ 

Origin  of  word 109 

(N.  B. — For  all  general  con- 
siderations see,  Gataracta 
Senilis — Senile  Cataract.) 

C.  AOCRETA 114,  198 

(See  C.  Complicata.) 

C.  ADVERSA 115 

C.  ACQUISITA 113 

C.  ARBORESENCE 116 

C.  ARIDO  SILIQUATA 114 

Aetiology,  Genesis ......  213,  214 
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C.  AXIALIS- 

Definition 1J.3 

C.  AXIAUS  ANTERIOR— 
(See  C.  Pyramidalis.) 

Definition 174 

C.  BRUNESENCE 247 

(See  C.  Nigra.) 
C.  OALCAREA— 

Anatomical  description 201 

Clinical  History     166 

Definition  113 

Perception  of  Light 132 

C.  CAPSTJLARIS— 

Chemical  constitution 92 

Clinical  description 249,  258 

Contraction    of,    leading    to 

spontaneous  luxation 153 

Definition 112 

Foreign  substances  enclosed — 

(Clacareous  deposits) 94 

(Cholesterine)   — 

Genesis  of 245,  258 

Hyaline  Thickening 339 

Localized  growth,  cause  of . . .   101 
Pathology  of.  .43,  82,  85,  89,     91 

Degenerative  changes 82 

General  cv>nsideration 89 

Genesis  —  Historical       Re- 
view   89,  246 

Primary  development 249 

Petrifaction  103 

Presence  in  Senile  Cataract. . .   233 
C.  CAPSULARIS  ANTERIOR 

CENTRALIS 113 

(See  C.  Polaris  Anterior.  Con- 
genita et  Acquisita.) 
C.  CAPSULARIS  ANTERIOR 
SPURIi^  — 

Aetiology 144 

Definition  112 

C.  CAPSTJLARIS  ARIDA  SIL- 

IQTIATA    115 


C.  CAPSULARIS  CUM  BUIU 
SA    ICHOREM    CONTI- 

NENTE    115 

C.  CAPSULARIS  LENTICU- 

LARIS 113 

C.  CAPSULARIS  NATAMS..  115 
C.    CAPSULARIS   PUNC- 
TATA    174 

C.  CENTRALIS— 

Definition  113,  174 

Description,  Geneeis 175,  186 

Pathology 194 

(See  C.  Zonularis.) 
C.  CENTRALIS  ANTERIOR..  113 
C.   CENTRALIS    CAPSU- 
LARIS POSTERIOR 113 

C.    CENTRALIS    LENTICU- 

LARIS 113 

C.  CENTRALIS  POSTERIOR.  113 
C.  CHOROIDEALIS— 

Clinical  History 204,  206 

Differentiation    from    C.  P()- 

laris  P.  Spuria) 144 

Nutritive  Disturbances 207 

Pathogenesis  100 

CATARACTA  COERULA. ...   196 

(See  C.  Punctata.) 
C.  COMPLICATA— 

Aetiology   136 

Anatomical  Examinations —   199 
Clinical  History  and  Sequel- 

lae 340 

Definition 114,  136,  198,  340 

Operative  interference 204 

C.  COMPLETA 115 

C.    COMPOSITA    CRYSTAL- 

LINAE 115 

(See  C.  Capsularis.) 
C.  CONGENITA— 

Definition 113 

C.  CONGENITA  NUCLBARIS 
DURA 215 
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Description,  Operations  Path- 
ogenesis    216 

C.    CONGENITA    TOTALIS 
OCULI  UNTBITJSQTJE- 

Aetiology   212 

Anatomical  Examination. 207,  211 


C.  DURA— 

Definition 113 

C.  ELASTICA— 

Cause  of 154 

Definition,  Description 214 

C.  EX  CONTUSIONS 250 


Genesis  209,  213    C.  PLUIDA- 


Time  of  occurrence 213 

Varieties 207 

C.  CONSECUTIVA,  (Constitii- 
tional  Cataract) — 

Changes  incipient 69 

Definition 99,  113,  205 

PathogenesLj 99 

C.    CONSECUTIVA     PAR- 
TIALIS.   (See  C.  Axialis.) 

C.  CORTICALIS— 

Anterior,  Posterior 113 

C.  CYSTICA- 
Definition  116,  214 

C.  DIABETICA— 

Aetiology 226,  240 

Anatomical  Examinations. . .  217 

Chemistry  of 67,  223,  227 

Clinical  description .  .219,  220,  225 

Development,  Period  of 219 

Diabetic  Coma 230 

Experimental  production  of. .  237 

.  Frequency  of 218 

General  condition  of  patient..  219 

Genesis 82,  229 

General  consideration. .  .216,  285 

Paithol(^  of 80,  220,  222 

Pathogenesis  . .  .99,  216,  222,  225 

Pigmentation   223 

Prognosis  of  operations 229 

Relation    of   cataract   forma- 
tion to  quantity  of  sugar  in 

the  urine     223 

Sex  affected 219 

Varieties 219 


Definition 113 

Perception  of  light  in 132 

C.  FUSIFORinS.  (Spindle  Oa^ 
aract) — 
Clinical  description  and  his- 
tory     180 

Genesis 176,  181 

C.  GLAUCOMATOSA— 
Definition 114 

C.  GYPSEA- 

Definition  113,  202 

Perception  of  Light 132 

C.  HEMORRHAGICA 247 

C.  HYPERMATURA— 

Clinical  Data 233 

Definition 114 

Sequellae  242 

C.  HYPERMATURA  FLUIDA  242 
(See  C.  Morgagniana,) 

C.  HYPERMATURA  RBDUC- 
TA— 

Aetiology    and    Clinical    De- 
scription    242 

C.  ICHOREM  TBNENS— 

Definition 113 

C.  INCIPIENS— 

Definition 11^,  116,  233 

Pathology 80 

C.  INANITION 207 

C.  JUVENUM— 

Calcareous  Deposits  in 82 

Changes 59 

Definition 113 

Genesis,  Pathology 80 
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C.  LACTBA— 

Definition  113,  114 

Description    and    differential 
diagnosis   202,  245 

C.  LAPIDA-   ' 

Definition 113 

C.  LAMELLAR.    (See  C.  Zon-^ 

ularis.) 
C.  LEXTICULARIS— 

Definition  112 

History   116 

C.    LENTICULARIS    CORTI- 

CALIS 112 

C.  LENTICULARTS  NTTCLE^ 

AHIS  112 

C.LENTICULARIS  TOTALIS  112 

C.  MATURA— 

Clinical  Data. 233 

Definition  . . . ! 114,  233 

Pathology 79 

C.  MATURESENCE— 

Definition  114,  233 

C.  MEMBRAITACEA— 

Definition 114 

Diagnosis 368 

Genesis  213,  258 

Pathology 102 

Treatment 367 

c.  membranacea  con- 
gp:ntta— 

Aetiology 214 

C.    MEMBRANACEA    CON- 
GENITA ACCRETA— 
Description,    Pathology,   and 
Aetiology 143 

C.  MOLLIS— 

Definition 113 

C.    MOLLIS    EX    CHOROID- 

ITIDE , 204 

C.  MOLLIS  JUYENUM.    (See 

C.  Diabetica.)  j 


C.  MORGAGNIANA— 

Anatomical  Examination ....   243 

Cause  of 115,  245,  246 

Clinical  description 242 

Definition 113,  115,  245 

XJenesis 246 

History   243 

Nucleus 245 

Pathology 80,     89 

Perception  of  Light 132 

C.  MIXTA— 

Definition  113,  115 

C.  NATALIS.    (Natane.)— 

Cause  153 

Description 214 

Definition 114,  115 

C.  NIGRA— 

Anatomical  Examina;tion ....   248 

Chemistry  of 69 

Clinical  description 248 

Definition  114,  249 

Genesis   247 

Historical 115,  247 

Pathology  79,  247 

Spectroscopic  Analysis 69 

Varieties 67,     79 

C.  NONDUM  MATURA— 

Definition  114,  233 

C.  NUCLEARIS— 

Anatomical  Basis 80,  185 

Differentiation  from  C.  Zon- 
ularis    182 

C.  NUCLEARIS  CONGENITA 
DURA— 
Description  and  Genesis 216 

C.  OSSEA— 

Definition  113,  202 

C.  PARTIALIS.     (See  C.  Ax- 
ialis.) 

Definition  113,  174 

Effect  on  Vision 124 

Varieties 196 
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C.  PIGMENTAIRE 223 

C.      POLARIS      AN^TERIOR 
(Pyramidalis) — 

Cause  of 153 

Definition  and  description. . .   176 

Pathogenesis  100,  176 

Varieties  and  identity lOl 

C.  POLARIS  ANTERIOR  AC- 

CR^TA  179 

C.  POLARIS  ANTERIOR  AC- 
QUISITA— 

Gknesis   178 

C.   POLARIS   ANTERIOR 
CONGENITA— 

Description  and  Genesis 177 

C.  POLARIS  POSTERIOR  in 
RETINITIS     PIGMENT- 
OSA— 
Anatomy,  Description,  Gene- 
sis and  Diagnosis 205,  206 

Nutrition  of 207 

C.     POLARIS     POSTERIOR 
SPURIA— 

Description  and  Genesis 144 

C.     POLARIS     POSTERIOR 
VERA— 
Diagnosis  and  Genesis. .  .180,  185 

C.  PROGRESSIVA— 

Definition 113 

C.  PUNCTATA— 

Cause  of 39 

Description  and  Pathogenesis.  196 
Varieties 197 

C.  PUTRIDA— 

Definition  113 

C.  STATIONAIRE— 

Definition   113 

C.  SECUNDARIA,  (Acute  In- 
flammatory)         99 

C.  SECUNDARIA,  (Simplex)— 
Cause  of 310,  335,  364 


Definition 114,  339,  257 

Genesis 98,  339 

Origin  99 

Presence  of  Vesicles 88 

Varieties 99 

C.  SECUNDARIA   ACCRETA 

COMPLICATA— 

Cause  of 340 

Course,    Definition,    Clinical 

Histor>'   258 

Interference      with      Vision, 

cause  of 258 

Operation   351 

Pathology 352 

Sequellae  ', .  352 

C.  SENILIS.  (Senile  Grey  C.)— 

Aetiolog}' 59,  76,  81,  96^ 

135,  234,  240,  and 241 

Albumen,  Increase 72 

Cataract,  (Origin  of  Word). .  109 

Changes  Incipient 77 

Classification 113 

Clearing  up  of 261 

Clinical  Data 232 

Colors,  perception  of 132 

Definition. .  .17,  59,  104,  113,  232 

Diagnostic  features 116 

Facial  Appearance  of  PatienJ;. . .   125 

Genesis 78,  96,  234 

Hi^ory  of 104,  116 

Influence  of  Refractive  Con- 
ditions      132 

Light,  perception  of 131 

Luxation  Spontaneous ..   152 

Measurements  of 304 

Microscopical  changes.  80,  97,  232 
Myopia  during    cataract  for- 
mation   61,  126 

Opacities,  frequency  of 205 

Opacities,  .increased  by  punc- 
ture of  Anterior  Chamber..  264 
Pathology 75,  76,  79,  232 


INDEX— 

PAOB 

Pathogenesis 99 

Predispositioii     to     Heredit- 
ary     235,  241 

Prognosis  to  second  affected 

eye 347 

Eefractive  Conditions. .  .126,  133 

Resorption  Spontaneous 262 

Ripeness  of 79,  233 

Symptoms,  Subjective 123 

Varieties 113 

Vision,  interference  with.  125,  129 

Volume,  reduction  of. 79 

C.  SElSriLIS  PRAEMATURA— 

Aetiology 230 

C.  SENILIS   PRAEMATURA 
NUCLEARIS— 
(See  also  C.  Nuclearis). 
Clinical  History,  Course,  Gen- 
esis, Prognosis 231 

C.  SENILIS    PRAEMATURA 

PUNCTATA 196 

(See  C.  Punctata.) 
C.  SPURIA— 

Definition   112,  115 

C.  SPURIA  ANTERIOR— 

Cause  of 144 

C.  SPURIA  POSTERIOR— 

C'ause  of 144 

r.  STATIONAIRE— 

Definition 113 

C.  STELLATA nV,  198 

C.    of    SUDDEN    DEVELOP- 
MENT    216 

C.  TOTALIS— 

Definition  113 

Refraction 125 

Vision 125 

C.  TRABECULARIS 115 

C.  TRAUMATICA— 

Aetiology 81,  137,  250 

Clinical  Description 250,  254 
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Color  of 264 

Complications 252 

Definition  115,  250 

Pathology 81,  255 

Prognosis 298 

Treatment 367,  365 

C.  TREMULA.  (Vel  Natalitis)— 

Aetiology 153,  214 

Definition 115 

C.  VERA— 
Definition 112,  115 

C.  ZONULARIS,  (Lamellar  C.)— 

Aetiology 189 

Anatomical  Examination 184 

Clinical  Histor}'  and  Descrip- 
tion     182 

Differentiation  from — 

Nuclear  Cataract 182 

Senile  Cataract 183 

Lamellae,  number  of  involved  183 

Nystagmus   125 

Occurrence  in  both  eyes. .  183,  189 
Pathogenesis 38,  192 

Transition  to  Senile  C 183,  188 

Time  of  Development 195 

Vision,  degree  of 125,  188 

Volume  .  \ 183 

CATARACTOUS  REMAINS— 

EflFect  on  Vision 334 

Element  of  Danger 335 

Sequelae 336 

CENTRAL  PLANES 39 

CHOLESTERINE— 
Amount  in — 

Normal  Lens 62,     63 

Cataractous  Lens 66,  123 

All  ages  of  life 66 

CHOROIDITIS  SEROSA— 

Effect  on  Position  of  the  Lens  168 

CILIARY  BODY— 

Contraction  after  Extraction.   364 
Detachment  of 353 
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Function   36 

Injury  of 156 

Irritation  352 

Tension  on 352 

Violent    traction  on,   during 

Bxtraetion 367,  368 

CORTEX  49 

COCAINE— 

Effect  of  its  use  during  Ex- 
traction   317,  324 

History  of 116 

COLOBOMA  LENTIS— 

Genesis  and  Description 146 

COLOBOMA  TOTALI  OCULI— 

Causation  of 138,  140 

COMA  DIABETTIC 230 

CONCUSSION     OF     EYE- 
BALL— 
Effect     on     cataract    forma- 
tion    160,  251 

CONJUNCTIVA  BUXiBI— 

Involvement  in  operation 312 

COENEA— 

(See  Operations.) 
Ulceration  Secondary  to  Glau- 
coma after  Luxation 165 

Varying  thickness  of 326 

CORNEAL  CURVATURE— 
After  Extraction  Astygmatism 

Irregular     348 

Astygmatism  Regular 391 

Radius  of  Curvature 375,  377 

CORNEAL  MICROSCOPE. ...  122 
CRYSTALLOCONUS.     (See 

Lenticonus.) 
CRYSTALLINE  PEARL.  (See 
also  Sommering's  C.  P.) 
Occurrence  after  Reclination.   290 

Pathology  of 88,     98 

CYCLITIS— 

After  Luxation 158,  159 

After  Operation 353 


CYCLOPS— 
Description,  Aetiology. .  .142,  143 

CYSTOID  CICATRIZATION.  331 

DAVIEL,  JACQUES— 

Sketch  of  his  life. — ^Value  of 
his  work 272,  280 

DIAPHRAGM— 
Use  in  diagnosis  of 128 

DIPLOPIA— 

After  Cataract  Extraction . . .  413 
Monocular  Luxatio  Lentis. . .  152 
Monocular  Ectopia  Lentis. . .  148 

DISCHARGE  of  patient  from 

physician's  care 363 

DISLOCATIO  LENTIS.    (See 
Luxatio.) 

DISCISSION.  (See  Operations.) 

DRUSEN— 

Genesis ; .  .83,  84,  101,  339 

ECTOPIA  LENTIS— 

Genesis 75 

General    Coneideration,    His- 
tory, Objective,  Symptoms, 

Symptomatology 148,  150 

Free  movement  of  Lens 162 

ELECTRICAL  TREATMENT 

FOR  CATARACT 260 

ENTOPTIC  OBJECTS...  127,  408 
In  Luxatio  Lentis 152 

ENZYM   95 

EPITHELIUM  of  ANTERIOR 
CAPSULE— 

Changes  due  to  age 51 

Foetal  Origin 19 

Foetal  Development 21,     22 

Formative  cells 86 

Function  of 249 

Genesis  of  new  cellular  for- 
mations   97,     98 

Histology  of 52 

Hyperplasia 59,  85,  96,  310 

Karyokinetic  changes 42 
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Pathogenesis  of  restricted  re- 
production    102 

Pathological  changes — 
Atrophic  new  cellular  for- 
mations   84,  101 

Degenerative 82 

Hyperpalsia 100 

Perverse 98 

Progressive 96,  100 

Eegenerative 84,  161 

Betrogressive 103 

Reaction,   after  opening  the 

Capsule 309 

Sizeof 41,  52,  85 

EPITHELIUM    of    the    POS- 
TERIOR CAPSULE— 

Genesis 85,     86 

Pathology 85 

Pseudo  Epithelium 87 

ERYTHROPSIA 408 

ESERINE— 

Use  of 300,  302,  361 

Value  of 301 

EXTRACTION.      (See    op^a- 

tions,) 
PAT  in  Senile  Lenses- 
Ox  Lens 62,     66 

FOCAL  ILLUMINATION....  117 
FIBRES  LENS— 

Ahnormalities  38 

Arrangement — 

Foetal 20,    23 

Extra-uterine  35 

Attachment,  mode  of.  .23,  36,     39 
Development  of — 

Foetal 21 

Second  period 21 

Third  period 22 

Distal 20 

Focal  illumination 11'^' 

Formation  of  new  fihres 41 

Formation,   limitation   of  hy 
intracapsular  pressure 97 


Growth — 

Extra-uterine  37,  38 

Foetal 22,  23 

Irregularities  of 38 

Length  of  extra-uterine. .  .25, 

35,  36,  37,  and 42 

Length  of  foetal 23 

Morphological  changes 49 

Nuclei  of.   (See  Nuclei.) 

Origin,  line  of 26 

Physical  changes 50 

Proximal 20 

Proximal,  transition  of 21 

Refraction,     index     of,     in- 
crease   50,  60 

Retrogressive  changes 102 

Serrated 49 

Vascuoles 82 

Vitreous,  action  of,  on 254 

FIELD  OF  VISION— 

Contraction  of,  in  Aphakia...  405 

Defects 134 

Importance    of    determining 

before  operation 134 

FOCAL  ILLUMINATION. .. .  117 

Edge  of  Lens 119 

FORMATIVE  CELLS 42,  86 

GERONTOXON  LENTIS.  .77,  261 

GLASSF^,  CATARACT— 

Centering  exact 407 

Cylindrical  correction 404 

Influence  of 405 

Selection  of  proper 377 

Spherical  correction 402 

Time  to  begin  use  of 352,  364 

GLOBULINE 62 

GLAUCOMA— 

Idiopathic 356 

Influence  on  Position  of  the 

Lens 168 

Producing  opacities  of  Lens. .  192 

Secondary  to  Atropine,  Use  of  354 
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Cvstoid  Cicatrization. ..  .328,  354 

Depression    288,  294 

Discission  297,  368 

Extraction 310,  353 

Healing  of  Wound . .'. .  r 165 

Injuries  of  the  Lens 366,  368 

Luxation  of  I^ens  into  ante- 
rior chamber.  160,  161,  163,  165 
Spontaneous  sinking  of  a  Cat- 

aractous  IjCus 371 

Symptom  of,  and  prevention 

of 337 

Subluxation 158,  159 

GRAEFE,  VON— 

Historical  notes 276 

Estimate  of  his  work 279,  280 

HAE^IATIN  in  the  Lens 122 

HEAT— 

Influence  of,  on  the  Lens. ...  51 

HEMOERHAGE  INTRAOCU- 
LAR— 

Choroidal,  avbidance  of 165 

Concussion  et  Contusione 251 

Cause  of 311 

During  Extraction 315 

During  Extraction   of  freely 

movable  lenses 166 

During  healing  process 345 

Retinal 311 

Scleronyxis 285 

Iris  from 306,  317 

Intra-Choroidal 315 

HISTOLYSE 96,  256 

HYALINE  DEPOSITS 40 

HYALINE  EXCREvSCENCE . .     83 
Geneas  of 84 

HYALOID  ARTERY— 

Influence  on  Cataracta  Mem- 
branac^a     Congenita     Ac- 

creta 143 

Malformations  of  Lens  Sys- 
tem     138 


HYDROPTHALMUS 338 

HYDROPSICAL  CELLS 88 

(See  Wedl's  Cells.) 

Genesis  of 103 

HYPERMETROPIA— 

Acquired 17 

INTRACAPSULAR    PRES- 
SURE— 

Limitations  of. 97 

INDENTED    LENS.      (See 
Notched  Lens.) 

INJURIES  of  Lens,  Recent— 
(See  also  C.  Traumatica.) 

Treatment 365 

INTERFIBRILAR  SPACES. .     39 

IRIS— 

Differentiation    of    Cicatriza- 
tion of  stump 331 

Hemorrhage  from 306,  317 

Hyperaemia  of 332 

Involvement  in   Simple   Ex- 
traction    312 

Prolapse  of,  cause  an  sequel- 

lae 301,  332 

Shadow  in  Senile  Cataiact. . .  234 
Tension,  effect  of,  on 330,  331 

IRITIS— 

Plastic,  (after  operation) 333 

Relapsing   334 

Suppurative 343 

Secondary  to  Lens  in  the  An- 
terior Chamber 163 

Traumatic,  (Simple) 332 

IRIS  SHADOW 233 

IRIDECTOMIE— 

Advantages  vs.  disadvantages 

of 275,279,300,301,  312 

Aesthetic  objections  to 302 

History  of,  (in  Extraction) . . .  330 

Indications  for 300 

Secondary  Cataract,  position 

of  in 368 

Size  of 302,  806 
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IMDO-CYCLITIS— 

Eelapsing  form 334 

lEIDONESIS— 

Luxation  Traumatic 158 

Value  in  Diagnosis  of  Apha- 
kia    372 

KERATINE 65 

KERATITIS— 

(Band  K.)  Striated 322 

LECITHIN— 

Amount  in  normal  Lens.  .62, 

63,  and 64 

LEDGES 40 

LENS— 

Adherence  to  Cornea 164 

Absence  of.  Total 140,  141 

Analysis  of  Chemical 62 

Analysis  of  Quantitative 64 

Calcareous  Deposits  in 82 

Calcification  of 201,  296 

Changes — 

Physical 58 

Progressive 67 

Chemical  difference  between 
inner    and    outer    portion 

of 50,  61 

Chemistry  of 61 

Color,  loss  of 58 

Cortex  of 49 

Development  of — 

First  Period 19 

Second  Period 20 

Completed  21 

Third  Period 22 

Completed 24 

Relation   between   develop- 
ment      of       Eye       and 

Lens 138,  141 

Dimensions,   Equatorial   Sag- 
ittal  31,  33,  34 

Dryness  of 58 


Displacement  of — 

(See  Ectopia  Lentis) 148 

(See  Luxation  Lentis) 150 

Focal  illumination  of 117 

Foreign  Bodies  in  the — 
Clinical  History  and  Diag- 
nosis of  Foreign  Bodies 

which  penetrate 253,  254 

Chemical  tests  for 257 

Reaction  to 257 

Sequelae  of 254 

Spontaneous    clearing    up, 

after 254 

Form  of — 

Attained,  Time  of 22,     30 

Change  at  Birth 36 

Effect  of  Aqueous. 36 

Effect  on  Accommodation. .     36 
Growth — 

Developmental 23 

Intra  and  Extra-uterine .  30,     31 
Rapidity  of  Intra  and  Ex- 
tra-uterine   34,     38 

Hardness 59 

Index  of  Refraction 59 

Injuries  of 250,  252 

Periphery   252 

Subsequent  Clearing  up  of.   254 

Treatment  of 365 

Lamellae 38 

Lymph  spaces 57 

Luxation   of.      (See   Luxatio 
Lentis.) 

Malformations  of 137 

Morphological  changes 49 

Nucleus  of.    (See  Nucleus.) 
Nutrition- 
Effect  of  repeated  puncture 
of  Anterior  Chamber. 71,  264 

Interference  with 58 

Mode  of 53 

Theories,  Experiments.  .53, 
58,  and 71 
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OpthaJmoscopic  Examination.  118 

Oscillation  of 151 

Ossification  of 202 

Baithology  of 75 

Petrifaction  of 103 

Physiology  of 63 

Phyedcal  changes 58 

Position  of,  in  fishes 35 

Pus  in  the 94,  95 

Refractive  medium 36 

Belation  of  Diameter   of  the 
Lene  to  the  Diameter  of  the 

Bye-ball  33 

RetrogUBSBion,  Physiological..  48 
Bole  of,  in  formation  of  Eye- 
ball   138,  141 

Sclerosis  of 79 

Specific  Gravity 31 

Structure  of 23 

Temperature  of 63 

Two  lenses  in  one  eye 142 

Tumors  of 102 

Vascular  Capsule  of 138 

Volume  of 31,  68,  97 

Weight  and  Volume  of  Qatar 

ractous  Lenses 58,  64,  97 

'  Of  Foetal  Lenses 31,  58 

LENTO  ALBUMEN— 

Globuline 62 

LENTICONUS— 

Anterior 169 

Posterior 170 

Diagnosis,    History,    Clinical 

Description 169 

Aetiology 173 

LENS  WHORL 26 

LIGHT— 

Distance  at  which  recognized 

in  Cataract 132 

Influence  of 35 

Perception  of  Qualitative 133 

Quantitative 130,  132 

Prismatic  Deflection 129 

Projection 133 


LIGHT  SENSE— 
Determination  of  in  Cataiact.   131 

LINSBinVIRBBL 25 

(See  Lens  Whorl.) 

LIQUOR  MORGAGNI 115 

LITERATURE 415 

LUXATIO  LENTIS— 

Acquired;  Anomalies  of  posi- 
tion     150 

Freely  movable  lenses 162,  166 

Spontaneous — 

Cause  of 74,  162,  166,  249 

Description^Olinical  History, 
Symptoms.lSO,  152, 154,  266 

In  Cataractous  Lens 266 

Therapy 370 

Subluxatio — 

Aetiology 160 

Prognosis,   Symptoms  and 

Treatment  158 

Dangers  163 

Totalis— 

Adherent  to  Cornea 164 

Causation,  Symptoms,  Di- 
agnosis, Various  Posi- 
tions   166,  167 

Treatment 160,  167 

Into  Vitreous 161 

Into  Anterior  Chamber 163 

Traumatica — 

Causes,  Results..  .154,  157,  166 

Secondary 167 

MATURATION    OF     CATA- 

RACT 264,  357 

MEMBRANC  CAPSULO  PU- 
PILLARIS— 

Origin  of 28 

MENTAL  DERANGEMENTS 

after  Operation 363 

MICROPTHALMUS— 

Aetiology 139,  140,  141 

Condition  of  Lens  in 140 
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MOKGAGNI'S  GLOBULES— 

39,  40,  and 80 

MOTHER  CELLS 42 

MOUSCHES  VOLANTES. ...   128 
N  APTH  ALIN      EXPERT- 

MENTS 57 

NOTCHED  LENS 169 

NUCLEI  OF  FIBRES— 

Death  of 41,     50 

Diminution  of 51 

Increase  of 41 

Position  of  Extra-nterine . .  25,     37 
Position  of  Intra-uterine ....     20 

Size  of 41,     85 

NUCLEUS— 

Chemical  Constitution .  50,  66,  334 

Embryonal 22,  30,     49 

Influence  on    Color    Percep- 
tion    132,  133 

Role    in     Cataract     Forma- 
tion    80,  232 

Softening  in  Cataract  Forma- 
tion       82 

Weight  and  Volume 245 

NUCLEAR  CURVE 25 

NUCLEAR  ZONE 25,  37,     51 

NYSTAGMUS 125,  129,  175 

OPERATIONS, 
DISLOCATIO,       (Depreeeion, 
Reolination) — 
Anatomical    conditions    pro- 
duced by 285 

Anatomical    examination     of 

operated  eye 288 

Capsular  changes 288 

Resorption  of ". . .   292 

Zonular  connections 289 

Conditions  affecting  results  of 

operation 286 

Definition 265 

Historical  review  of  the  opera- 
tion   266,  274 


Per  Keratonyayis — 

Derivation  of  word 281 

Definition  266 

Effect  of 284 

History  and  legends 268,  282 

Lens — 

Calcification  of 296 

Enclosure  in  new  C.  T..  ..293,  294 

Fate  of 290 

Path  which  Lens  takes 293 

Position  of 290,  294 

Resorption  of 292 

Secondary  mounting  up  of . . . 

285,  294 

Volume  of 291 

Vitreous — 

Reaction  to 293 

Fuidity  of 294 

Effect  on  Lens 286 

Per  Scleronyxis — 

Definition 266 

Structures  involved 284 

Value  of  the  operation 268 

Scleronyxis  Cum  Discissio — 

Evil  effects  of 285 

Results,  conditions  bearing  on 

final  results 287 

Complications 287 

Incomplete 287 

Secondary  mounting  up  of 

the  Lens 288,  294 

Various  Methods 265,  267 

DISCISSIO,  CATARACTAJB— 
(Discission.) 

Definition 280 

History  of 269 

Instruments  used 296 

Indications  for .'  215,  299 

Patholoeical   processes  subse- 
quent to  operation 299 

Prognosis,  Treatment 298 

Results  of  Discission 297 

Spastic  contraction  of  pupil . .   298 
Sequelae   298 
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Dxscxssio  C.  Cum  Keratonyxis — 
History  of 282 

EXTRACTION— 

Definition 270 

Length  of  time  of  operation . .   307 

Step9  of  operation 304 

Cystotomie — 

Mode  of  procedure.  .306,  307,  350 
Globe— Condition  of,  After  Ex- 
traction— 
Anterior  Chamber,  introduc- 
tion of  air  or  blood 313, 

318,  and 3^ 

Cornea,  creasing  of;  funnel- 
shaped  depresfidon 312 

Conjunctiva    Bulbi,    involve- 
ment of 312 

Contents  of;  change  in  rela- 
tive portion 310 

Effect  of  constant  fixation  of.   312 
Elasticity  of  Coats  of  Eye-ball.  311 

Iris,  involvement  of 312 

Preesure  on,  Effect  of 311,  313 

Vitreous,  detachment  of 311 

Volume 310 

Healing      Process.  —  Abnormal 
Conditions  Developed — 
Anterior    Chamber,    restora- 
tion of 336 

Depth  of 337 

Cataractous  remains — 

Effect  of 334 

Element  of  danger  of 335 

Sequelae  of 335 

Com«J  Phthisis 341 

Cystoid  Cicatrization,   Causar 
tion  and  Clinical  History  of. 

Iris  in  Wound 327 

Capsule  in  the  wound 327 

Glaucoma 337 

Iritis   331 

Adhesive 332 


Hyperaemia  of 332 

Plastic 333 

Eelapsing   334 

Irido  Cyclitis 331,  334 

Stump  of  Iris  in  the  wound. .  331 
Sympathetic  Opthalmia.  .155,  315 

Sympathetic  Irritation 352 

Wound — 

Late  closure,  cause  of 337 

Permanent  closure 302,  336 

Time  of  healing 336,  364 

Incomplete  Results 333 

Cataracta  Secundaria,  forma- 
tion^ of 338,  339 

Cataracta  Compheata,  forma- 
tion of 34Q 

Cornea — 
Infection,  Chnical  History 

and  Treatment 341 

Phthisis;    Clinical    History 

and  Treatment 341 

Cyclitis;  Clinical  History  and 

Treatment 343,  353 

Hemorrhages;  Causation  and 

Clinical  History 345 

Iritis  Suppurative 343 

Panopthalmitis 342 

Phthisis  Bulbi 344 

Tension    of    Cicatrized    Iris, 

Capsule  in  the  Wound 349 

Vitreous,  infection  of,  and  se- 
quelae      344 

Detachment  of 353 

Incision — 

Corneal  Flap,(Daviel  Incision)— 
Chaiaeter  and  form  of  the 

wo^nd 273,  274,  299,  303 

Description  of   and    varie- 
ties  273,  277,  299 

History  of 270 

Incision,  size  and  rationale 
of 303 
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PAOB 

Instruments  used 274 

Objections  to 299 

Position  sjid  Measurements.  347 
Peripheric.  Flap 279 

Corneal    Flap,    (Stellwag    de 

WecJcer) 300 

Definition   and   description 

of 279,  300 

Tendency  of  wound  to  gap .   348 

Value  of  operations 301 

Varieties 270 

Scleral  Flap — 

Character  of 300 

Posterior  scleral 270 

Jacobson  Flap — 

Character  of. 300 

Linear — 

Applicability  of 300 

Description  of 308 

Dangers  of 308 

Historical  Importance 309 

Linear,  Simple,  (Von  Oratfe) — 

Advantages  of 303 

Character  of 278,  299 

Graefe  Knife 300 

Indications  for 299 

Size  and  rationale  of  ...277,  303 

JAnear  Peripheric.  (Von  Oraefe) — 

Advantages  of 275,  328 

Character  of 300 

Dangers  of 279 

History  of..... 275,  277 

Incision,  principle  of 278 

Position    and     measure- 
ments    347 

Tendency  to  gap 348 

Losses,  percentjige  of 278 

Infection \\  .' 283 

Iridectomie — 

Aesthetic  objection  to 302 

Advantages   versus  disadvan- 
tages. .  .275,  279,  300,  302,  312 


Preparatory — 

Its  advantage  and  history. . 

275,  277 

History  of 330 

Reasons  for  broad  Coloboma  330 

Size  of 306 

Irrigation — 

Anterior  chamber  and  intra- 
capsular injection;  histor- 
ical review  and  method  of 

procedure   318 

Maturation — 

Indications  for 357 

Also     in     Cataracta     Senilis 

Praematura 232 

Operation — 

General  Statement 18 

After-treatment    307,  361 

Air  in  the  aiiterior  chamber. .  318 
Capsule — 

Reaction  of 310 

Incarceration 314 

Cataractous  Remains,  reten- 
tion of 314 

Hemorrhages,    restricted    to 

anterior  chamber 317 

Intraocular 315 

Incision,  too  large  or  small .. .   313 

Infection 313 

Iris,  Prolapse  and  Cicatriza- 
tion      314 

Personal  Equation  of  Op- 
erator    346 

Of  Patient..... 347 

Pdin,  significance  of 362 

Purpose  of 265 

Pd&parations  for. 204,  360 

Ruction 307,  362 

Steps  of 304 

Sterilization    of     instrument 

and  Eyewater 304,  318, 

319,  ajid 331 
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Success,  conditions  for.  ..304, 

309,  346,  and 361 

Time  for 307,  357,  414 

Vitreous-Prolapse  314 

Procedures  and  Changes  during 
and  subsequent  to  caitaract  ex- 
traction    ^83 

Wound,  (Corneal) — 

Cicatrix,  formation  of 321 

Cloudiness  after  extraction . . .   324 

Depression  and  cause  of 325 

Epithelium,  eroeions  of.  .312,  323 
Irregular  Healing — 

Irritation  due  to  pigmenta- 
tion of  cicatrix 348 

Cicatrization  of  Iris  in  the 

wound 349 

'  '  Sequelae  of 352 

Keratitis,  various  forms.  .322,  323 

Late  closure,  cause  of 337 

Observations  of  the  regular 
healing  of  Cornea;  com- 
plicated character  of 320 

a.  Puncture 320 

b.  Linear ,   320 

c.  Flap 321 

Permanent  closure i . . .   336 

Removal  of  first  dressing 320 

Sclero-Corneal ,   322 

Time  of  healing  of  wound . . . 

336,  364 
PAGENSTECHER^S   OPERA- 
TION, (in  the  Capsule). . . 

73,  276,  310 

Genetic  Basis  for. 257 

TIECLINATION— 

Indications  for  in   Cataracta 

Membranacea  (upward). ...  814 
(See  Dislocatio.) 

SUCTION 282 

OPERATIONS,        (SECOND- 
ARY)    365 

Indications 340,  365 


Operations — 

Cataracta  Secundaria 367 

Iridectomie 368 

Agnew;  Weber;  De  Wecker; 
Mooren;  Kruger;  Bowman.  369 

N"oyes 370 

Treatment — 

Recent  injuries 365 

True  Traumatic  Cataract. .   367 

OPTHALMOSCOPE 77 

Diagnostic  value 118 

History  of 116 

Refracting  Opthalmoscope . . .   119 
Use  of  in— 

Aphakia ,. 412 

Diagnosing  Cataract 77 

Diagnosing  opacities  in  me- 
dia     120 

OPTIC  VESICLE— 

Primary  cause  of  formation.  141 
ORBITAL  CYSTS— 

Aetiology 139 

Description 140 

OSSIFICATION  OF  LENS. . .  202 
PAIN— 

Significance  of,  in  healing  of 

corneal  wound 362 

PAGENSTECHER.    (See  Ope- 
rations.) 

PANOPTHALMITIS  ".   315 

Effect  on  Lens 168 

Clinical    History,    Causation^  , 
Symptoms  ...........  340,  342 

PATHOLOGY    of    Lenticular 

Cataract 75 

History  of 75 

Microscopical  changes 80 

PETITS  CANAL 47 

Operations,  value  of,  in  Sec- 
ondary Cataract 351,  369 

PETRIFACTION  OF  LENS. .      • 

103,  201 
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PHAKITIS— 
Duration,  Clinical  History  and 

Description 249,  339 

PHAKO-SCLEROM 242 

PHOTOMETER 131 

PHTHISIS  BULBI— 

Clinical  History  and  Cause . . . 

163,  340 

POLYOPIA  MONOCITLARIS.   128 

PORES  in  CAPSULE 55 

PRESBYOPIA 17 

PRESSURE,    INTRACAPSU- 
LAR       97 

PURKINJE  ARTERIAL  pic- 
tures     130 

PURKINJE,  SANSON,  figures.  121 
Value  in  diagnosing  Aphakia .   373 

PUPIL  APHAKIC— 

Conditions  in 372 

Conditions  of,  in  cicatrization 

of  Iris  in  the  wound 330 

Occlusion  of 340 

Position  of  in  Secondary  Cat- 
aract  

Seclusion  of 333, 

PUPIL— 

Value  of  consensual  reaction 
during  cataract  formation . . 
REFRACTION,  INDEX  OF 
IN  THE  LENS 59 

Development  of  Myopia,  in 
catamct  formation 60,     61 

RETINA— 

Determination   of  perception 

of  light 132 

Impori:ance  of 134 

RETROGRESSION,  PHYSIO- 
LOGICAL, of  the  Lens ....     31 

RESORPTION      OF     CATA- 
RACT— 
Spontaneous 262 

SYMPATHETIC      OPTHAL- 
MIA 155,  315 


341 
341 


131 


RIPE  CATARAOT- 

Origin  of  expression. 234 

RIPENING  OF  CATARACT..  264 
Senile  Sclerosis 17 

SEAMS— Definition  and  for- 
mation  21,  23,     25 

SKIN— Condition  during  cat- 
aract formation 326 

SOEMMERING^S  CRYSTAL- 
LINE PEARL 88,  98,  258 

STAAR— (See  Cataract.) 

STAAR-FIGURE— Arrange- 
ment of  (Tri-star,  or  three 

rays)  '23,     25 

Cause  of 24,     37 

Complicated  figure. 34,     37 

Significance  of 24 

Types ^^ 

SCTiERA— 

Rupture  and  Reeults 166 

STAPLYOMA,  Corneal 332 

(See  Cy&toid  Cicatrization.) 

STAPHYLOMA— 
INTER-CALARE,dne  to  Len^^ 

in  anterior  chamber 163 

Effect  on  Lens 168 

STAPHYLOMATOUS    VE>SI- 
CLES— 
Treatment 332 

STRABISMUS— 

(After  operations) 413 

SUBLIMATE— 

Use  in  operating 324 

SUBLUXATIO  LENTIS— 

Aetiology,   Prognosis,   Symp- 
toms, Treatment 158 

SUGAR  IN  AQUEOUS—. ...     71 

Lens,  Chemistry  of 67 

Vitreous ^"^ 

SYMPATHETIC        IRRITA- 
TION     352 
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SYNCHISIS  CORPORIS  VIT- 
REI   74,  151 

TEARS,  INDEX  OF  REFRAC- 
TION    375 

TEETH— 

Hutchinson,  Rachitic 191 

TEMPERATURE       WITHIN 

THEBYE^BALL 62 

THERAPEUTIC      Value      of 

Heat 63 

THERAPY  OF  DISEASES  OF 
THE  LENS— 

Medicinal 260 

Prophylactic 261 

Spontaneous 261 

TUMORS— 

Pathogenesis  of 102 

VACUOLES  in  the  Lens  Fibres.     82 
VASCULAR  CAPSULE  of  the 
Lens;  Importance  in  Mal- 
formations of  Lens  System.   138 
VESICLE,  Primary  Indenting..  141 

VESICULAR  CELLS— 

Genesis 86,  87,    98 

Retrogressive  changes. .  .103,  246 

VISION— 

Age-advancing 248 

Acuity  of,  in  Aphakia 387 

Binocular,  in  Aphakia 412 

Cataractous Remains 334 

Cicatrization  of  Iris  in  wound.  330 
Diminution  in  Aphakia.  .330, 

339,  348,  and 388 

Disturbances  of 123 

Glasses,  efifect  of 405 

In  Aphakia 365 

In  Cataract 127,  130 

Partial  Cataract 124 


VITREOUS— 
Action  in  Lens  Fibres. ......  254 

Albumen  in 71 

Chemistry  of 69 

Destruction  of,  by  action  of 

foreign  bodies 161,  203,  285 

Detachment 311,  353 

Effect  on,  in  Reclination .  286,  294 
Examination    of,    in    young 
Fluidity  of 151,  286 

children 213 

Infection  of 344 

Opacities    noted    in    cataract 

formation 205 

Prolapse  of,  in  Capsi^lotomie . .  309 

During  Operation .  lOT,  166,  314 

Historical  notes 315 

Refraction,  index  of 70,  374 

History  of 108 

Sugar  in 71 

VORTICES  LBNTIS 35 

WATER— 

Amount  in  Normal  Lens.  .62,  63 
Amount  in  Cataractous  Lens. 

63,  82 

WBDUS  VISICULAR  CELLS,  87 

Characteristics   88 

Differentiation 40,  62,  59 

Grenesis  and  development. ...  87 

WHORL 25 

ZONULA  ZINII— 

Anomalies  of  formation 74 

Atrophy  of 73 

Action  of  Aqueous  on 36 

Development  of 27,     29 

Elongation  and  Distention. . .   156 

Focal  Illumination 117 

Function  of 36,     48 

Genesis  of 47 
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Hisix)rical  Eeview 27 

Hypertrophy  of 73 

Influence  of,  on  Lens  fibres. .     30 
lengthening  of,  Congenital. .   163 

Malformation,  result  of 146 

Origin  and  insertion  of 47 

Pathology  of 73 

Results  of 150,  154 

Solution  of  Continuity 74, 

149,  and 151 


Senesence  of 73,  153 

Tears  of — 

During  depression 289 

Mechanism  of 159,  168 

Partial 157,  158 

Tears  of  Zonula  et  Capsule . . .   251 

Thickening  of 214 

Varieties  of  Fibres 48 
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